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ABSTRACT
The Piceance Basin of northwestern Colorado is a Laramide age 
intermontane basin within the Rocky Mountain region. Fifteen Campanian age 
formal and informal stratigraphic units of the uppermost Mancos Shale and 
lower Mesaverde Group were correlated across the Piceance Basin study 
area using 2,747 electronic well-logs. The fifteen units include: the Castlegate 
condensed section, the Morapos Sandstone, the Castlegate Sandstone, the 
Buck Tongue of the Mancos Shale, the Loyd Sandstone, the lower Sego 
Sandstone, the Anchor Mine Tongue of the Mancos Shale, the upper Sego 
Sandstone, the Corcoran Member of the Iles Formation, the Anchor coal 
zone, the Palisade coal zone,  the lower Cozzette Member of the Iles 
Formation, the Chesterfield coal zone, the upper Cozzette Member of the Iles 
Formation, and the Rollins Member of the Iles Formation. 
Ten different log facies were identified within the study interval and 
were grouped into five different depositional environments: offshore marine, 
lower shoreface, upper shoreface-deltaic, coastal plain, and estuarine 
iii
 
 
complex.  Marine deposits were correlated (when possible) landward to their 
corresponding coastal plain time equivalents. 
Eight sequence boundaries and four major flooding surfaces were 
identified in the Castlegate condensed section through Rollins Member 
interval. Sequence boundaries were recognized by facies dislocation. 
Typically, incisions are overlain by tidally influenced strata. 
Eight regressive clastic units within the Morapos Sandstone through 
Rollins Member interval were identified. The regressive units represent the 
progradational shoreline evolution within the Piceance Basin. Each unit has a 
corresponding  underlying tongue of Mancos Shale. The mapped maximum 
regressive and transgressive extents reflect both the overall regression of the 
Western Interior Seaway and alterations in basin subsidence rates due to pre- 
Laramide tectonic activity. 
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INTRODUCTION
The Piceance Basin is an elongated, structural, basin of approximately 
6,000 square miles in area located in northwest Colorado (Figure 1). The 
basin trends northwest to southeast and is bounded  the Uncompahgre Uplift 
to the southwest, by the White River Uplift to the east, the Douglas Creek 
Arch to the west, the Gunnison uplift and West Elk Mountains to the 
southeast, the Uinta Mountains to the northwest, and the Axial Basin to the 
northeast  (Figure 1). The Grand Hogback, which borders the Piceance Basin 
to the east, is a partially eroded monocline that formed as the White River 
Uplift was thrust westward during the Laramide Orogeny (McFall et al., 1986) 
(Figures 1, 2). The Colorado River has eroded much of the southern portion 
of the Piceance Basin over the past five million years (Figure 1). 
Approximately 5,000 feet (1,524 meters) of strata have been removed at the 
Rulison Field area (Johnson, 1989). 
The basin’s structure is strongly asymmetric with gently dipping strata 
to the north, west, and south. To the east, the Phanerozoic strata are sharply 
upturned to near vertical dips along the Grand Hogback; this steeply dipping 
strata extends along most of the eastern border of the Piceance Basin 
(Figure 2). The basin is structurally deepest along the Red Wash Syncline 
(Figure 3). 
The Piceance Basin produces primarily gas from both conventional 
traps and from an areally extensive basin centered gas accumulation 
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Figure 1: (A) Map showing the bounding structural elements to the Piceance Basin and the major 
municipalities in the area (black squares). Gray shows the outcrop distribution of the Mesaverde Group
on this and all subsequent figures (after Tweto, 1979). (B) Schematic of a structural cross section across 
the study area from A to A’. (Modified from Cole and Cumella, 2003)
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Figure 3:  Structure map of the top of the Iles Formation in the Piceance Basin. Contours interval is 
500 feet (152 meter).  Grey shows the outcrop distribution of the Mesaverde Group; where the outline 
intersects with the color contours it creates a dark blue or purple shade.  Note the structural 
asymmetry of the basin and the location of the Red Wash Syncline in the deepest part of the basin. 
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(BCGA). This basin centered gas accumulation has become a major gas 
producer during the past two decades, primarily due to the development of 
advanced hydraulic fracturing (hydrofracing) technology. 
 In spite of the extensive drilling in select areas of the Piceance Basin, 
a large portion of the regional subsurface stratigraphy is not yet well 
understood. As a result, a research consortium was developed at the 
University of Colorado- Boulder that is sponsored by several companies 
actively working in the Piceance Basin. The goal of this consortium is to 
develop the regional stratigraphic framework for the Phanerozoic strata within 
the Piceance Basin in the subsurface. To accomplish this, the Phanerozoic 
strata were divided into discrete intervals that were studied by six students 
and one research scientist. The Cretaceous- lower Cenozoic strata were 
divided into six intervals, each being the subject of a separate MS thesis 
(Figure 4): (1) top of the Dakota Group to the base of the Castlegate 
bentonite (Rogers, in prep), (2) base of the Castlegate condensed section to 
the top of the Iles Formation (Schwendeman, this thesis), (3) lower Williams 
Fork Formation including the Cameo-Wheeler Coal Zone (Nicolette, in prep), 
(4) middle Williams Fork Formation (Foster, 2010), (5) upper Williams Fork 
Formation (Leibovitz, 2010), and (6) Wasatch Formation (Tschanz, in prep). 
The stratigraphic units studied in this thesis are the regressive sandstone 
tongues and the uppermost part of the Mancos Shale of the lower Mesaverde 
Group (Figure 5). This studied interval ranges from the base of the 
Castlegate condensed section through the top of the Iles Formation 
5
Figure 4:  General stratigraphic column from the Grand Junction area. Units range in age from the 
Triassic through Quaternary. (1) Normalization interval. (From Cole and Cumella, 2003)
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Figure 5: Typelog of the study interval taken from T7S R99W S28. Interval of interest ranges from the 
base of the Castlegate condensed section to the top of the Iles Formation. The interval is bounded by the 
Cameo-Wheeler Coal Zone of the Williams Fork Formation above and the Mancos Shale proper below.
7
(Castlegate Sandstone, Sego Sandstone, Iles Formation, and associated 
units). The interval is bounded at its base by the Mancos Shale (proper) and 
the Cameo-Wheeler Coal Zone of the Williams Fork Formation at its top. This 
interval was deposited during the middle to late Campanian, between 80.58 ± 
0.55 Ma to 75.08 ± 0.11 Ma, and is well defined and constrained by ammonite 
taxon range zones (Figure 6). The interval comprises several regressive 
marine sandstone units that were deposited at the western shoreface of the 
Western Interior Seaway (Figure 7) and are separated by transgressive 
marine deposits of the Mancos Shale.  These marine sandstone bodies and 
their underlying shale tongues constitute coarsening-upward parasequences 
and parasequence sets. These parasequence sets can be correlated across 
the Piceance Basin study area into the equivalent updip continental strata.   
The objectives of this thesis are to: 
(1) correlate the major stratigraphic surfaces of the lower Mesaverde 
Group across the study area, 
(2) identify extensive well-log markers to aid in correlation, 
(3) identify well-log facies and interpret depositional environments, 
(4) equate updip and downdip facies within individual stratigraphic units, 
(5) identify, correlate, and map major coal zones, 
(6) map the updip extent of the transgressive tongues of Mancos Shale as 
well as the downdip extents of the regressive siliciclastic wedges, 
(7) and prepare a sequence stratigraphic framework of the upper Mancos 
Shale regressive units and lower Mesaverde Group. 
8
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STRATIGRAPHIC SETTING 
From the Cambrian to the Mississippian, western Colorado was 
inundated by shallow seas that laterally migrated repeatedly across the study 
area. Thick carbonate and siliciclastic strata, up to 1,300 feet (396 meters) 
thick, were deposited in this shallow sea. The oldest strata onlapped 
Precambrian basement rocks in the study area (Zapp, 1957; Wilson et al., 
2003). 
The Ancestral Rockies emerged during the Pennsylvanian, between 
320 and 290 Ma, the result of the collision between Laurasia and Gondwana. 
Two island mountain ranges, known as the Ancestral Front Range and the 
Ancestral Uncompahgre Uplift emerged. The Ancestral Uncompahgre Uplift 
was situated in the southern part of the Piceance Basin, farther north than the 
present Uncompahgre Plateau. During the Pennsylvanian and Permian, 
erosion from the Uncompahgre Uplift led to deposition of alluvial fan-delta and 
eolian dune strata along the flanks of the uplift and shallow marine deposits 
basinward (Wilson et al., 2003). Total thickness of the Pennsylvanian-
Permian strata in the Piceance Basin is approximately 5,500 feet (1,676 
meters) (Zapp, 1957). 
 There are approximately 900 feet (274 meters) of preserved Triassic 
and Jurassic strata within the Piceance Basin study area (Zapp, 1957; Cole 
and Cumella, 2003) (Figure 4). Deposition during the Triassic and Jurassic in 
11
the Piceance Basin study area was dominated by lacustrine, eolian, and 
fluvial deposits (Wilson et al., 2003).  
The Cretaceous section is the thickest interval in the Piceance Basin 
with more than 10,000 feet (3,048 meters) of preserved strata (Zapp, 1957; 
Cole and Cumella, 2003) (Figure 4). During the Cretaceous, subduction 
along the west coast of the North American continent led to the Sevier 
Orogeny, creating a major mountain range in central Utah. The emergence of 
the Sevier Mountains caused the formation of a foreland basin to the east. 
Continued subsidence coupled with high eustatic sea levels led to the 
formation of a shallow sea within the foreland basin. The repeated 
transgressions and regressions of the sea resulted in the deposition of 
shoreface sandstone, marine shale, and fine grained carbonates, as well as 
the equivalent continental strata including thick coal beds, fluvial sandstones, 
siltstones, and shale (Howell and Flint, 2003) (Figure 7).  These deposits 
comprise the Dakota Group, Mowry Shale, Frontier Sandstone, Niobrara 
Formation, Mancos Shale, and Mesaverde Group (Wilson et al., 2003) 
(Figure 4). Erosion of the Sevier Mountains to the west supplied large 
volumes of sediment to the basin.  This high sediment supply and continued 
uplift led to an overall progradation of the shorelines to the east (Howell and 
Flint, 2003).  
The Laramide Orogeny began during the latest Cretaceous and 
extended through the early Eocene. The Laramide Orogeny created the 
present structure of the Piceance Basin, an intermontane basin. More than 
12
5,000 feet (1,524 meters) of fluvial and lacustrine strata were deposited in the 
Paleocene-Eocene Wasatch Formation and the Eocene Green River 
Formation (Zapp, 1957; Cole and Cumella, 2003; Wilson et al., 2003) (Figure 
4). Laramide deformation caused uplift of the Douglas Creek Arch, Axial 
Basin Anticline, White River Uplift, and Gunnison Uplift (Figure 8). 
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PRODUCTION HISTORY
 Although many small unprofitable wells were drilled in the Piceance 
Basin in the early twentieth century, the first commercial discovery wells were 
drilled in 1931 on Rangely and DeBeque Anticlines (Figure 8). Early 
petroleum exploration wells targeted structural traps mostly of Laramide origin 
(Rangely Anticline, DeBeque Anticline, Douglas Creek Arch, etc.) within the 
Piceance Basin.  The initial reservoir intervals that were targeted were mostly 
Lower Cretaceous and older strata (Anderman, 1959). Rangely Field, in the 
northwest corner of the basin, has produced more than 850 million barrels of 
oil during its lifetime, and produces primarily from the Permian Weber 
Sandstone (Yurewicz et al., 2008). The Lower Cretaceous Dakota Group was 
also a major target and commercial production was achieved in several fields 
(Douglas Creek, Garmesa) (Anderman, 1959) (Figures 8, 9). 
 During the 1980’s, after multistage hydraulic fracturing technology was 
developed, the basin centered gas accumulation of the Upper Cretaceous 
strata became the primary target for petroleum production (Cumella and 
Ostby, 2003; Yurewicz et al., 2008). Twenty-one fields within the Piceance 
Basin study area either partially or completely produce from the basin 
centered gas accumulation (Figure 9). Today, the main productive target 
interval within the Upper Cretaceous section is the Williams Fork Formation of 
the Mesaverde Group; the primary source of gas is the underlying Cameo-
Wheeler Coal Zone and the Mancos Shale. The Williams Fork Formation 
reservoirs consist of extremely low permeability, fluvial sandstones (Yurewicz, 
15
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Figure 9: (A) Map showing the major oil and gas fields located within the Piceance Basin. The numbers 
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fields. (Modified from Leibovitz, 2010).
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2008).  As of spring 2009, daily cumulative production from the Piceance 
Basin has reached 1.3 billion cubic feet (37 million cubic meters) per day 
(Cumella, 2009). 
 To a lesser extent, the regressive marine sandstones of the lower 
Mesaverde Group (Iles Formation, Sego Sandstone, and Castlegate 
Formation) are also targeted as a potential reservoir interval. However, these 
intervals have not proven to be consistently economic due to low gas 
saturation. The low gas saturation is caused by the continuous nature of the 
marine sandstones. Specifically, the exposure of sandstones along the edge 
of the basin has caused gas to leak to the surface and the sandstones have 
been charged with surface water since the Eocene (Johnson and Nuccio, 
1986; Johnson, 1989; Johnson and Roberts, 2003). This low gas saturation 
increases production costs in comparison to the gas-saturated Williams Fork 
Formation. What little gas is produced from the lower Mesaverde Group is 
thought to have been sourced from the Mancos Shale as well as from coal 
zones within the Iles Formation (Johnson and Rice, 1990; Johnson and 
Roberts, 2003; Yurewicz, 2003). 
New plays continue to be developed in the basin. During the past three 
years, there has been an increased interest in the Mancos Shale as a 
potential economical reservoir zone.  In December 2008, Antero Resources 
presented to the Colorado Oil and Gas Conservation Commission the results 
of a pilot drilling program in the Mancos Shale interval in support of an 
application to drill. The pilot program was completed in January 2008 and 
17
concluded that “all lithologic intervals within this interval (Mancos Shale 
through Mowry Shale) are gas bearing and capable of producing gas in 
economic quantities when combined with the shallower Iles and Williams Fork 
10-acre development program” (Antero Resources, 2008).   
In addition, horizontal wells have been drilled into the Niobrara play to 
test fractures in the limestone rich units. To date, nothing has been published 
on the results of these wells. 
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DATA SET
The data used for this study consists entirely of wireline logs.   Since 
production in the Piceance Basin began in the 1930’s, more than 15,000 wells 
have been drilled.  Consortium sponsors generously donated more than 
8,000 digital well-logs from the basin.  In areas where additional wells were 
needed, well files were downloaded from the Colorado Oil and Gas 
Conservation Commission (COGCC) website (http://cogcc.state.co.us/). Many 
of these logs were only available in paper format and were digitized in the IHS 
Petra software suite. A total of 2,747 wells that completely or partially 
penetrated the interval of interest and were used in this study (Figure 10).  
19
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Figure 10: This figure shows the locations of the 2,747 wells that either completely or partially 
penetrate the interval of study that extends from the top of the  Iles Formation to the base of the 
Castlegate Sandstone. The well penetrations are not evenly distributed across the basin with greater 
concentrations in the more heavily developed fields and also in the western half of the basin where 
structurally the interval is much more shallow (Figure 3). 
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METHODOLOGY
No cores or image logs were used in this study. Depositional 
environment interpretations were based on interpretations made based on 
well-log response and were aided by outcrop based interpretations made in 
previous studies. 
Wireline log interpretation and correlation were done entirely in the 
software package IHS Petra. This software package was able to manage the 
extensive well data base and display the wireline logs in various ways to aid 
in interpretation. For this thesis, the gamma ray log was used primarily for 
lithology interpretation. 
 
Normalization of Gamma-Ray Logs
 When using gamma-ray logs for stratigraphic correlation, many 
variables need to be taken into account before making accurate 
interpretations. These considerations include: (1) standardizing the log 
response of cased-hole versus open-hole logging, and (2) standardizing the 
results of different generations and calibrations of logging tools collected by 
different vendors. To account for this variance, gamma-ray curves must be 
normalized before making correlations and geologic interpretations. 
Normalization was done in IHS Petra.
21
 The objective of normalization is to calibrate the log curve so that it 
gives the same response in all identical lithologies across the study area. The 
first step in the normalization process was to select a stratigraphic interval 
that was at least 500 feet (152 meters) thick to perform a statistical analysis of 
the gamma-ray response. The interval used for normalization had to contain 
both pure sandstone and shale, lack coals, and be lithologically similar across 
the basin. The interval had to be devoid of coals due to their low gamma-ray 
response, which can artificially skew the statistical averaging of the gamma-
ray values.  The interval chosen for normalization was between 1,000 and 
2,000 feet (305 and 610 meters) above the top of the Iles Formation (Figure
4).   
The equation function in IHS Petra “Normalization- Based on Hi and Lo 
Picks” was used to accomplish the normalization process. Through statistical 
analysis, the upper and lower fifth percentiles of the gamma-ray values for the 
normalization interval of the wells within the data base were computed. These 
computed values were then shifted towards the accepted sandstone and 
shale cutoffs for the interval. 
Coal Flag Display
Some of the stratigraphic units studied in this thesis contain coals. One 
function in IHS Petra allows for the interpreter to display a ‘coal flag’ for easier 
identification and correlation. The identification of coals was done with the 
22
gamma-ray log and bulk density log. For this project, coals were differentiated 
from other strata when there was a gamma-ray response of less than 75 API 
units and a bulk density value of less than 2.1 gm/cm3. When these two 
parameters were met, a coal flag in the form of a sold black bar was 
overprinted on top of the gamma-ray curve (Figure 11). The coal flag was not 
used in all log displays because there is not a full log suite for every well 
across the Piceance Basin study area. Many of the wells in the regional cross 
sections do not have bulk density curves and the lack of a coal flag might 
erroneously suggest a lack of coal. 
Well-Log Displays
Two different wireline-log displays are used in this thesis. The first 
display used is the format for which all of the type logs presented (Figure 11 
A).  This format displays four curves: gamma-ray (left), deep induction (left- 
center), density porosity (right- red), and neutron porosity (right- blue). These 
are the curves that were used for correlation throughout the study area. All of 
these curves are typically included in a modern well-log suite. The type log 
display also incorporated the calculated coal flag. The gamma-ray-induction 
log (GR-ILD) display is the well-log format used in all of the regional cross 
sections presented in this thesis (Figure 11 B). This display contains a 
gamma-ray curve (left), a density porosity curve (left- red), and a deep 
induction curve (right).  This display was extremely useful for making 
23
Fi
gu
re
 1
1:
 T
hi
s 
fig
ur
e 
sh
ow
s 
th
e 
tw
o 
di
ffe
re
nt
 w
el
l d
is
pl
ay
s 
us
ed
 in
 th
is
 re
po
rt.
 F
ig
ur
e 
(A
) s
ho
w
s 
th
e 
“ty
pe
 lo
g”
 d
is
pl
ay
 th
at
 is
 u
se
d 
fo
r a
ll 
of
 th
e
 ty
pe
 lo
gs
 p
re
se
nt
ed
 in
 th
is
 re
po
rt.
 F
ig
ur
e 
(B
) s
ho
w
s 
th
e 
“G
R
-IL
D
” d
is
pl
ay
 th
at
 is
 u
se
d 
fo
r a
ll 
of
 th
e 
cr
os
s 
se
ct
io
ns
 in
 th
is
 re
po
rt.
 A
rr
ow
s 
ar
e 
po
in
tin
g 
to
 th
e 
di
ffe
re
nt
 c
ur
ve
s 
di
sp
la
ye
d 
on
 e
ac
h 
of
 th
e 
w
el
l d
is
pl
ay
s.
7000 7200
0 
   
   
   
   
   
   
G
R(
A
PI
)  
   
   
   
   
   
20
0
2 
   
   
IL
D
(O
H
M
M
)  
   
  2
00
1 
   
   
   
   
   
  D
PH
I(P
U
)  
   
   
   
   
  0
.3
0
5
0
4
5
1
1
9
5
0
0
0
0
0
T
7
S
 R
9
5
W
 S
2
1
1
6
-1
3
E
N
C
A
N
A
 M
A
H
A
F
F
E
Y
6900 7000 7100 7200
0  
    
    
    
    
 G
R(
AP
I) 
    
    
    
    
20
0
2 
   
   
IL
D
(O
H
M
M
)  
   
  2
00
0.
3 
    
    
  D
PH
I(P
U)
    
    
    
    
  0
0.
3 
    
    
  N
PH
I(D
EC
)  
    
    
    
 0
Co
al
 F
la
g
Ga
m
m
a 
Ra
y
D
ee
p 
In
du
ct
io
n
D
en
sit
y 
Po
ro
sit
y
Ne
ut
ro
n 
Po
ro
sit
y
Ne
ut
ro
n 
Po
ro
sit
y-
D
en
sit
y 
Po
ro
sit
y
Cr
os
s-
ov
er
A
.  
   
   
   
   
   
   
   
 “T
yp
e 
Lo
g”
 W
el
l D
is
pl
ay
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
B.
   
   
   
   
   
   
   “
G
R-
IL
D
” W
el
l D
is
pl
ay
24
correlations of marine strata as the gamma-ray curve highlighted the 
coarsening-upwards nature of marine parasequences. 
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SEQUENCE STRATIGRAPHY
Nomenclature
One of the first challenges in working in this stratigraphic interval in the 
Piceance Basin is redressing conflicting and inconsistent nomenclature. 
The nomenclature used to describe the strata of the lower Mesaverde 
Group has undergone numerous changes since the first United States 
Geological Survey expedition into the study area in 1875 (Peale, 1877).  This 
has led to much confusion as early terminology is mixed with later 
terminology in previous publications (Figure 12). The study area also lies 
along the Colorado-Utah border. In addition, different terminology has been 
used for the same stratigraphic units in Utah and Colorado (Figure 13).  For 
simplicity, this study only uses the nomenclature presented by Hettinger and 
Kirschbaum (2002) with three additional terms: Loyd Sandstone (Konishi, 
1959) , Morapos Sandstone (Hancock, 1925) and the term “Castlegate 
condensed section”, which is introduced for the first time and used here. 
These terms are used to better constrain subsurface correlations. 
  
General Correlation Procedure 
Initial stratigraphic correlations were aided greatly by previous 
published cross sections. The published cross section of Hettinger and 
Kirschbaum (2002) was used as a starting point for the location of formation 
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Figure 13: Regional stratigraphic nomenclature chart across the southern Uinta and Piceance Basins. 
For simplicity, this study only uses the nomenclature for defined stratigraphic intervals presented by the 
USGS in this chart with minor exceptions. The Morapos Sandstone and the Castlegate CS lie 
below the Castlegate Sandstone and the Loyd Sandstone is stratigraphically positioned above the 
Castlegate Sandstone in the Piceance Basin (1). Note the change in interval definition of the Castlegate 
Sandstone between the Uinta and Piceance Basin. Accepted nomenclature in the Uinta Basin includes
all strata between the top of the Blackhawk Formation and the base of the Price River Formation while 
in the Piceance Basin while in the Piceance Basin the name Castlegate Sandstone is only applied to the 
basal regressive sandstone of the Mesaverde Group. (Modified from Hettinger and Kirschbaum, 2002)
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tops (Figures 14, 15). Pattern recognition of log facies and the principles of 
sequence stratigraphy were then used to extend the correlations across the 
basin.  Lithological interpretations were based on log characteristics. 
Sandstone-shale cutoffs were established by creating histograms of gamma-
ray values for wells throughout the study area. These histograms exhibit a bi-
modal distribution with the lower mode representing sandstone and the higher 
mode representing shale (Figure 16). For this thesis, gamma-ray values less 
than or equal to 80 API units were considered to be sandstone, whereas 
values above or equal to 105 API units were considered to be shale with the 
intermediate values representing a ratio of the two. 
 
Log-Facies Identification
 Ten well-log facies (based mainly on gamma-ray patterns) were 
identified and were placed within five depositional environments for the study 
interval (Figure 17, 18). The different environments include: offshore marine 
mud/shale, lower shoreface, upper shoreface-deltaic, coastal plain and 
estuarine complex. Identification was largely based on shape and pattern 
recognition of log curves as well as the comprehensive outcrop based facies 
evaluation of the Sego Sandstone and Iles Formation of Kirschbaum and 
Hettinger, 2004. The ten facies are briefly defined here: 
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FACIES     TYPE LOG                            DESCRIPTION            LITHOLOGY          INTERPRETATION      
A
B
C
D
E
F
G
H
I
J
Single or multiple
blocky sand units
Sandstone Tidal channel fill
Mixed blocky and 
upward coarsening
sand bodies
Mixed
sandstone
and
mudstone
Distributary channel,
incised valley fill
Fining upward
sandstone bodies
Sand-
dominated
Channel fill
Thin, generally fining
upward sand units.
Can contain discrete
coals
Mixed
sandstone
and
mudstone
Flood plain
Coal with interbedded
mudstone
Coal to
mud-
dominated
Wetlands
Coarsening upward
sandstone bodies
Sandstone Upper shoreface/delta front
Coarsening upward
succession of 
interbedded sandstone
and mudstone
Mixed
sandstone
and
mudstone
Lower shoreface
Massive mudstone,
coarsening upward
Mudstone Offshore marine deposited
out of suspension
Mudstone (≤ 15% sand)
Mud-dominated (15% < sand < 35%) 
Mixed sandstone and mudstone (35% ≤ sand ≤ 65%)
Sand-dominated (65% < sand < 85%)
Sandstone (≤ 85% sand)                             
Sharp based sandstone
overlying massive 
mudstone or
coarsening upward
strata 
Sandstone
Condensed section
containing relatively high
TOC as well as thin bentonite
layers
Extremely high gamma
ray values encountered
in offshore shale Mudstone
Upper shoreface/delta front
deposited in a forced
regression
Figure 17: Ten general facies were identified, described, and interpreted to describe the depositional 
processes for the study interval. The “Type Log” display used is a typical gamma ray (left) and 
resistivity (right) pairing.
250’
150’
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Figure 18: Block diagrams depicting the well log facies encountererd within the study interval. 
(A)  is a block diagram depicting the shallow marine facies and (B) depicts tidally dominated facies as
well as the coastal plain setting. Arrows point to representative well logs for each facies including: upper
shoreface (Facies F), lower shoreface (Facies G), offshore shale (Facies H), coal (Facies E), channel 
fill (Facies B & C), tidal deposits (Facies A), and flood plain (Facies D). Block diagrams modified from 
Coe, 2003.
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Offshore Shale
The most distal, marine deposits encountered within the study interval 
were offshore, marine shales (Figure 17, 18 Facies H). These offshore 
shales were likely deposited out of suspension as well as through gravity-flow 
processes. This depositional environment was identified based on the 
consistent and continuous high gamma-ray values of up to hundreds of feet 
or meters thick. Laterally, this offshore marine facies is highly continuous and 
can be correlated for tens of miles across the basin.  
As stated above, the gamma-ray cut-off for pure shale was established 
at greater than or equal to 105 API units. Marine shales within the Piceance 
Basin study area have low resistivity values compared to coarser grained 
units with values typically ranging between 3 and 10 ohms. Gamma-ray 
values are much higher for the more offshore strata; lower gamma-ray values 
are present for those shales closer to shoreline as there is an increase in silt. 
The vertical profile for offshore shale is typically gradational, coarsening-
upwards as the depositional setting approaches the shore. 
Within the offshore marine setting, one unique gamma-ray signature 
was observed where the gamma-ray values are greater than 200 API units     
(Figure 17, Facies J). This zone was interpreted to be a condensed section 
deposited during a rise in relative sea level. The relatively low sedimentation 
rate at the time of deposition allowed for the accumulation of an increased 
35
amount of organic material as well as the preservation of volcanic ash 
causing this uniquely high gamma-ray response. 
Lower Shoreface
 The lower shoreface facies assemblage is a transitional facies 
between offshore deposition and shoreface deposition (Figures 17, 18 
Facies G). The facies assemblage is gradational, exhibiting a coarsening-
upwards succession of interbedded sandstone and shale on the gamma-ray 
log. The sandstone beds are interpreted to be deposited above the storm 
wave base and the interbedded shale deposited out of suspension below the 
storm wave base.  
 
Upper Shoreface/ Deltaic
 The upper shoreface is differentiated from the lower shoreface where it 
becomes dominated by sandstone strata with little shale (Figures 17, 18 
Facies F).  As stated above, the pure sandstone cutoff was established at 
less than or equal to 80 API units. Upper shoreface deposits are sheet-like 
with high lateral continuity (many tens of miles).  
The contact between the upper shoreface and underlying strata can 
either be sharp or gradational. Sharp-based shoreface sandstone can be 
caused by a relative lowering of sea level or forced regression (Figures 17, 
18 Facies I). During a forced regression, accommodation is reduced and the 
36
transitional lower shoreface strata are eroded by wave scour. (Posamentier et 
al, 1992; Walker and Plint, 1992). 
Coastal Plain
The coastal plain facies encompasses all strata deposited in a 
predominantly fresh water environment.  This facies assemblage contains 
coal facies, lenticular sandstones, and mudstones (Figures 17, 18 Facies B, 
C, D, E).
As stated above, the gamma-ray log and bulk density were used to 
differentiate coal beds. Coals were differentiated from other strata when there 
was a gamma-ray response of less than 75 API units and a bulk density value 
of less than 2.1 gm/cm3
 
(Figures 17, 18 Facies E). Coals were deposited in 
wetlands. The areal extents of the coals within the study interval vary greatly 
from individual, discontinuous beds that are not correlatable between wells to 
continuous zones that can be traced for many tens of miles.   
The thicker and more areally expansive zones have been named and 
were mined continually in the late nineteenth century and the first half of the 
twentieth century where they are closer to the surface. These vast coal zones 
are interpreted to reflect a rising water table at the time of deposition (Howell 
and Flint, 2003). This can be assumed because peat requires very specific 
water table conditions in order to accumulate. A falling water table would 
expose the peat to oxygen and would decompose.  
37
Lenticular sandstones are interpreted to be deposited by fluvial 
processes (Figures 17, 18 Facies B, C). The fluvial facies is typically fining 
upward. The individual channel-fill deposits are highly discontinuous and 
individual channel-fill strata are only correlatable over short distances. 
Individual channel-fill deposits are generally less than 30 feet (9 meters) thick. 
 Overbank deposits consisting of interpreted shale and thin sandstone 
beds are present throughout the coastal plain facies (Figures 17, 18 Facies 
D). As discharge exceeded the capacity of the channel, water flowed over the 
banks and inundated the flood plain. The abrupt decrease in velocity as it 
exits the confines of the channel deposited any sand quickly. The remaining 
mud was deposited out of suspension. 
 
Estuarine
The estuarine complex contains estuary-mouth deposits and coal 
beds. The estuary deposits consist of a series of stacked tidal sandstone 
bodies separated by mud drapes (Figures 17, 18 Facies A, B). This 
separation gives the bed succession a blocky, serrated appearance on 
gamma-ray logs. The sandstone beds sometimes but not always have a 
discernable fining upwards pattern. The beds are laterally continuous and can 
be traced for a few miles in the subsurface. The beds have a sharp erosional 
base and individual bed thicknesses are typically fifty feet (15 meters) or less. 
The estuary mouth deposits are typical of deposition in an open-ended 
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estuary and were deposited as littoral sands were swept into the estuary from 
offshore (Reinson, 1992). Also contained within the estuarine complex are 
thin coal beds deposited on the tidal flats. These coals are highly 
discontinuous and most cannot be correlated for more than a few miles. 
 
Key Surfaces
Marine-flooding Surfaces
 Marine-flooding surfaces are “surfaces that separate older from 
younger strata across which there is evidence for an abrupt increase in water 
depth” (Van Wagoner et al., 1990). Flooding surfaces were easiest to identify 
where offshore shale (Facies H) overlies shoreface sandstone (Facies G) 
Figures 17, 18). Flooding surfaces can be traced landward and basinward, 
and have correlative surfaces within the coastal plain and shelf, respectively. 
Some major flooding surfaces identified within the Castlegate condensed 
section through Iles Formation interval marked parasequence set boundaries. 
Some of these parasequence set boundaries marked the stratigraphic 
boundaries of named units within the Piceance Basin. 
 
Sequence Boundaries
 Sequence boundaries within the study interval were recognized by 
identifying lithofacies dislocation across erosive surfaces. Within the 
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Castlegate through Iles Formation interval, sequence boundaries were 
easiest to identify when tidal deposits (Facies A) sit on top lower shoreface 
(Facies G) and offshore (Facies H) strata. In this case, the upper shoreface 
strata (Facies F) is reworked and lithofacies associations are missing.   An 
erosive surface was only considered to be a sequence boundary if it could be 
correlated regionally.  
In addition, sequence boundary identification benefited greatly from 
previous work. Many of the sequence boundaries identified previously in 
outcrop were located and correlated within the subsurface. Within this thesis, 
the identified sequence boundaries retain the names given to them in 
previous publications. 
 
Merged Surface
 In some cases, two or more key stratigraphic surfaces are 
superimposed on the same surface. This is referred to as a ‘merged surface’.  
An example would be a sequence boundary superimposed on a flooding 
surface in an interfluve. 
 
Transgressive and Regressive Limits
 The regressive limits of the shoreface siliciclastic wedges and 
transgressive limits of the underlying tongues of Mancos Shale were mapped 
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throughout the study area. This was done by mapping the downdip extents of 
the shoreface facies (Figures 17, 18 Facies F, I) as well as the updip extents 
of the marine shale facies (Figures 17, 18 Facies H).  
Correlation Challenges
Many correlation challenges were encountered in the compilation of 
this project. Although the well-log data base includes 2,747 wells that entirely 
or partially penetrate the interval of study (Figure 10), the well data are not 
evenly distributed across the Piceance Basin study area. The vast majority of 
the wells are in the more heavily developed fields (Figure 10). This leads to a 
lesser degree of confidence in correlation in the more sparsely penetrated 
areas of the basin.
 Well-logs within the data base came from a wide variety of companies 
and vintages. Because of this, many of the wells in the data base did not have 
a full suite of well-logs. Correlations in some parts of the Piceance Basin 
study area (particularly on the Douglas Creek Arch (Figure 1) were based 
solely on the gamma-ray curve. 
Correlation of the marine strata in the southern half of the basin was 
fairly straight forward. Well defined flooding surfaces and extensive coal 
zones marked the boundaries between some of the stratigraphic units. 
However, correlation of the up-dip equivalent continental strata is much more 
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difficult as the boundaries between the stratigraphic units become much less 
discernable.   
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CASTLEGATE SANDSTONE AND ASSOCIATED UNITS 
Data base
The lowermost stratigraphic interval includes all strata between the 
base of the Castlegate condensed section and the top of the Castlegate 
Sandstone. This interval includes: the Castlegate condensed section, the 
Morapos Sandstone, and the Castlegate Sandstone. The type log for this 
interval is located in Township 4S, 99W Section 10 of Rio Blanco County 
(Figure 19).  
The well data base contains 665 wells that either partially or 
completely penetrate this interval (Figure 20). However, the wells are not 
evenly distributed across the basin. Most of the wells (approximately 515) are 
located on or near the Douglas Creek Arch. Well density decreases to the 
east and to the south where those strata become deeper in the basin (Figure 
7). 
 
Well Completions
The Castlegate condensed section through Castlegate Sandstone 
interval is not a primary completion target for oil and gas production within the 
Piceance Basin. According to individual well drilling reports submitted to the 
Colorado Oil and Gas Commission, of the 655 wells within the data base that 
at least partially penetrate the Castlegate Sandstone, only twelve wells have 
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Figure 19: (A)Type log for the Castlegate
Sandstone and associated units interval in 
the Piceance Basin study area. (FS)-
Flooding Surface. (CG FS-SB)- Castlegate
Flooding Surface-Sequence Boundary. (B) 
The location of the type well in the Figure 
Four Field (yellow star). 
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Figure 20: Map showing the locations of the 665 wells within the database that either partially or 
completely penetrate the Castlegate Sandstone and associated units interval.  
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produced from that interval (http://cogcc.state.co.us, accessed 2009) (Figure 
21).
 
Interval Isopach Maps
Isopach maps were constructed for three different units: the Castlegate 
condensed section (Figure 22), the Morapos Sandstone (Figure 23), and the 
Castlegate Sandstone (Figure 24). The results of each map will be discussed 
below in conjunction with each of their respective intervals. 
  
Interval Cross Sections
Five key stratigraphic surfaces have been defined and correlated 
across the Piceance Basin study area in the Castlegate condensed section 
through Castlegate Sandstone interval: the top and base of the Castlegate 
condensed section, the top of the Morapos Sandstone of the Mancos Shale, 
the top of the Mancos Shale proper, and the top of the Castlegate Sandstone 
(Figure 19). Each surface was correlated across the basin and is shown on 
six cross sections (Figure 25). Two cross sections are oriented north – south, 
oblique to depositional dip (Figures 26, 27) and four cross sections are 
oriented west – east, oblique to depositional strike (Figures 28 - 31). 
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Figure 21:  Map showing the locations of wells within the database that have completion intervals within 
the Castlegate Sandstone and associated units interval. Of the 665 wells that either completely 
or partially penetrate the Castlegate Sandstone (Figure 20), only twelve completed that interval. The 
majority of the wells are located within the (1) Douglas Creek Arch Field and the (2) Yellow Creek Field.
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Fig. 26
Fig. 27
Fig. 28
Fig. 29
Fig. 30
Fig. 31
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Figure 25: Map showing the locations of the six cross-sections used for the Castlegate Sandstone and
associated units interval. Two cross sections (Figure 26, Figure 27) are oriented north-south oblique to 
depositional dip and the remaining four cross sections (Figure 28, Figure 29, Figure 30, Figure 31) 
are oriented west-east oblique to strike.
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Castlegate Condensed Section
The lowermost stratigraphic unit correlated within this study is 
informally called the Castlegate condensed section. The Castlegate 
condensed section thickness (from the base to the top of the Castlegate 
condensed section) ranges from less than five feet (1.5 meters) in the 
northern extent of the study area to more than fifty feet (15 meters) in the 
south (Figure 22). 
Within the uppermost Mancos Shale, the Castlegate condensed 
section is a correlatable unit that exhibits a unique gamma-ray signature. The 
gamma-ray values are higher than any Mancos marine shale encountered 
within the study area, as seen on Figure 19 between the depths of 7910- 
7955 feet (2411-2425 meters). This unit has a gamma-ray signature greater 
than 200 API units in the southeastern portion of the study area. The zone 
becomes progressively more difficult to recognize towards the north. 
Specifically, the disappearance of the high gamma-ray zone can be seen 
between wells 3 and 4 in Figure 26 (1), between wells 5 and 6 in Figure 27
(1), between wells 7 and 8 in Figure 28 (1), between wells 6 and 7 and wells 
8 and 9 in Figure 29 (1), and between wells 4 and 5 and wells 1 and 2 in 
Figure 30 (1).  
This unique gamma-ray signature  may correspond to a bentonite zone 
in the same stratigraphic position that has been identified in outcrop south of 
the Douglas Creek Arch in the vicinity of the San Arroyo field (Gus Gustason, 
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personal communication, 2010) (Figure 32). In outcrop, the zone was 
described to be dark gray shale with several thin (centimeters in thickness) 
interbedded bentonite layers.  
The Castlegate condensed section occupies the Baculites obtusus
faunal zone (80.58 ± 0.55 Ma) (Figure 6). The Ardmore Bentonite of the 
Pierre Shale was also deposited during the time of Baculites obtusus 
suggesting that the two bentonites may be coeval (Gill and Hale, 1975; Gill 
and Cobban, 1966; Cobban et al., 2006) (Figure 33).  
The Ardmore Bentonite is a prominent ash layer in the Pierre Shale 
found throughout much of the northern Rocky Mountain region including the 
Powder River and Big Horn basins, and has been identified as far south as 
northwestern Kansas (Gill and Cobban, 1966; Bertog et al., 2007). The 
Ardmore Bentonite was deposited during a period of North American volcanic 
activity that has been dated to 80.04±0.4 Ma (Hicks et al., 1999) and 80.54 ± 
0.55 Ma (Obradovich, 1993). The major source for the volcanic ash is 
interpreted to be from a series of eruptions in the Elkhorn Mountains of 
Montana. However, there is evidence that some of the ash layers originated 
from eruptions in British Columbia, Canada, and Washington State (Bertog et 
al., 2007). 
The Castlegate condensed section has a total organic content (TOC) 
percentage that is larger than any other zone within the Mancos Shale as 
identified in sidewall cores by Antero Resources within the Mamm Creek field 
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(Robert Mueller, personal communication  2010).  As such, the This interval 
has been interpreted to be a condensed section deposited in reducing 
oceanographic conditions during a relative rise in sea level. The relatively low 
sedimentation rate at the time of deposition allowed for the accumulation and 
preservation of an increased amount of organic material and volcanic ash. 
The increased radioactivity of the volcanic ash as well as the elevated 
uranium content due high TOC values caused this uniquely high gamma-ray 
response.  The fact that this zone of abnormally high gamma-ray values is not 
preserved in the northern part of the study area suggests that there were 
higher rates of sedimentation in the north compared to the south. 
This condensed section could be the equivalent of the major 
condensed section identified by Haq et al. (1987) on the global sea level chart 
at 79.5 Ma (Figure 34 (2)). However, it is difficult to definitively correlate the 
two because the absolute geologic time scale has been revised several times 
since the publication of the global sea level. 
Morapos Sandstone and Underlying Mancos Shale Tongue
The Morapos Sandstone overlies the Castlegate condensed section 
and is the oldest regressive member of the study interval. The Morapos 
Sandstone was deposited in the Baculites maclearni faunal zone of the 
Campanian (Figure 6). The Morapos Sandstone is named for Morapos Creek 
(Figure 32) in Moffat County, Colorado (Hancock, 1925; Johnson, 1989). The 
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Figure 34: Global sea-level curve of Haq et al. (1987) with respect to the lower Mesaverde Group and 
uppermost Mancos Shale regressive units. It is difficult to state with any confidence a correlation 
between the stratigraphic units of the Piceance Basin and the sea level curve due to the failure of the 
curve to account for local tectonic activity and the evolving time scale. However, certain large scale 
trends are noticeable. Globally, the chart records (1) a eustatic sea level drop ( 2nd order sequence 
boundary) beginning at 80Ma. This corresponds to the draining of the Western Interior Seaway and 
regression throughout the deposition of the Mesaverde Group. (2)The Castlegate condensed 
section is a good candidate for being the major CS identified by Haq et al. at 79.5Ma. However,
the age dates do not match up perfectly. (Modified from Haq et al., 1987)  
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Morapos Sandstone is a correlatable progradational parasequence set 
throughout the northern part of the Piceance Basin study area. However, due 
to sparse well spacing (Figure 20) the individual parasequences within the 
set are difficult to correlate. By definition, the Morapos Sandstone only 
encompasses the regressive sandstone unit at the top of the parasequence; 
however, for this thesis the Morapos Sandstone is discussed in conjunction 
with its underlying tongue of Mancos Shale (Figure 13). 
The base of the Morapos Sandstone parasequence set corresponds to 
the contact with the Castlegate condensed section and the upper limit is a 
sharp flooding surface (Figure 19). The flooding surface at the top of the 
Morapos Sandstone becomes unrecognizable as the shoreface sandstone 
changes laterally into the Mancos Shale to the south and to the east. 
Specifically, this relationship can be seen between wells 7 and 8 in Figure 26
(2), between wells 5 and 6 in Figure 27 (2), between wells 6 and 7 in Figure 
28 (2), between wells 8 and 9 in Figure 29 (2), and between wells 3 and 4 in 
Figure 30 (2). 
The Morapos Sandstone (from the top of the Castlegate condensed 
section to the top of the Morapos Sandstone) ranges in thickness from 225 
feet (68.6 meters) in the northeastern Piceance Basin to 25 feet (7.6 meters) 
in the southwestern Piceance Basin (Figure 23). 
Three well-log facies are recognized within the Morapos Sandstone 
interval: upper shoreface sandstone (Facies F), lower shoreface sandstone 
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Three well-log facies are recognized within the Morapos Sandstone 
interval: upper shoreface sandstone (Facies F), lower shoreface sandstone 
(Facies G), and marine shale (Facies H) (Figures 17, 35). The downdip 
extents of the individual facies are shown in map view in Figure 36. The 
downdip extent of Facies G is regarded as the regressive shoreline limit for 
the Morapos Sandstone, and is marked on the six accompanying cross 
sections (Figures 27-32 (3)).  Where mapped, there is a noticeable change in 
the shoreline orientation (Figure 36 (1)). This prominent protrusion of the 
shoreline likely developed due to a higher rate of sedimentation at the deltaic-
depocenter to the southeast.  
 
Castlegate Sandstone and Underlying Mancos Shale Tongue
The Castlegate Sandstone was first described near the now 
demolished town of Castle Gate, Carbon County, Utah, approximately two 
miles north of the former town site at the mouth of Price Canyon (Figure 32)
(Forrester, 1918).  At the type location, the Castlegate Sandstone is divided 
into two units, the lower and upper Castlegate (Spieker, 1931; Lawton, 1986; 
Hettinger and Kirschbaum, 2002).  Only the lower unit retains the designation 
Castlegate in the Piceance Basin.  To the east in Colorado, the upper 
Castlegate is laterally equivalent to the interval that ranges from the top of the 
Castlegate Sandstone (as defined in the Piceance Basin) to the top of the 
Cameo-Wheeler Coal Zone (Figure 13 (1)).  
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Figure 36: Map showing the approximate location of the down-dip facies extents for the Morapos 
Sandstone. Three depositional environments were identified with the Morapos Sandstone interval:
offshore (Facies H), lower shoreface (Facies G), and upper shoreface (Facies F). (1) A distinct 
embayment in the shoreline to the west is most likely due to a higher rate of sedimentation at the 
delta front. Refer to Figure 25 for locations of the cross sections, Figure 20 for the well control for this 
interval, and Figure 17 for facies descriptions. 
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The lower unit of the Castlegate at the type location is approximately 
295 feet (90 meters) thick and is a fine to medium-grained cliff forming 
sandstone. At this location, Lawton (1986) interpreted the lower Castlegate to 
be deposited in a braided fluvial environment. Van Wagoner et al. (1990) and 
Van Wagoner (1991, 1995) correlated the continental strata of the lower 
Castlegate eastward along the Book Cliffs to where the lower Castlegate 
(now known as just the Castlegate Sandstone) transitions down-dip into a 
prograding parasequence set. This marine sequence progresses down-dip 
across the Utah-Colorado border into the Piceance Basin where it transitions 
into the Mancos Shale. 
 In the Piceance Basin, the Castlegate Sandstone was deposited in the 
early part of the late Campanian Baculites asperiformis faunal zone (Figure 
6) (Gill and Hail, 1975; Franczyk et al., 1992). 
For this thesis, the Castlegate Sandstone unit includes the Mancos 
Shale at its base (Figure 13).  The Castlegate Sandstone (from the top of the 
Morapos Sandstone to the top of the Castlegate Sandstone) has a thickness 
ranging  between 250 feet (76 meters) in the northwestern part of the basin 
and thins southward to less thicknesses less than fifty feet (15 meters)  
(Figure 24). 
A sharp marine-flooding surface sits at the top of the Castlegate 
Sandstone is and is overlain by marine shale. This flooding surface forms a 
merged surface. Up-dip, a prominent erosional sequence boundary was 
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recognized along the Book Cliffs in eastern Utah by Van Wagoner et al. 
(1990), Van Wagoner (1991, 1995). This sequence boundary was correlated 
downdip into the Piceance Basin by Hettinger and Kirschbaum (2002). The 
sequence boundary was interpreted to be a third-order sequence boundary 
due to extensive evidence of erosion in the updip section. The sequence 
boundary is referred to as the “Castlegate sequence boundary” by Van 
Wagoner (1995) and Hettinger and Kirschbaum (2002). The Castlegate 
sequence boundary (CG) is marked on Figures 26-31.  The Castlegate 
sequence boundary becomes increasingly difficult to recognize and correlate 
in the subsurface in the eastern portion of the Piceance Basin. Specifically, 
the disappearance of a pronounced flooding surface can be seen between 
wells 7 and 8 in Figure 27 (4), between wells 9 and 10 in Figure 28 (4), 
between wells 8 and 9 in Figure 30 (4), and between wells 4 and 5 in Figure 
31 (4).  
Four well-log facies are recognized within the Castlegate Sandstone 
interval: upper shoreface (Facies F), lower shoreface (Facies G), marine 
shale (Facies H), and sharp-based shoreface (Facies I) (Figures 17, 36). The 
downdip extents of the individual facies are shown in map view in Figure 37. 
The sharp-based sandstone shoreface sandstone of facies I (Figures 17, 35)
may correspond to a forced regression (Posamentier et al., 1992). This facies 
can best be seen in wells 3 and 4 of Figure 29. The downdip extent of the 
lower shoreface sandstone (Facies G) is regarded as the regressive shoreline 
limit for the Castlegate Sandstone and is marked on the six accompanying 
69
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Figure 37: Map showing the approximate location of the down-dip facies extents for the Castlegate 
Sandstone. Three depositional environments were identified with the Castlegate Sandstone interval:
offshore (Facies H), lower shoreface (Facies G), and upper shoreface (Facies F, I). (1) A distinct 
embayment in the shoreline to the west is most likely due to a higher rate of sedimentation at the 
delta front. Refer to Figure 25 for locations of the cross sections, Figure 20 for the well control for this 
interval, and Figure 17 for facies descriptions. 
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cross sections (Figures 26-31 (5)). Like the Morapos Sandstone, there is a 
noticeable bend in the shoreline orientation (Figure 37 (1)). This prominent 
protrusion bend developed due to a higher rate of sedimentation at the deltaic 
depocenter to the southeast. 
 
Key Points
1) The Morapos Sandstone represents the first regressive shoreface unit 
in the study area. 
2) The top of the Castlegate Sandstone corresponds to the Castlegate 
Sequence Boundary of Van Wagoner et al. (1990), Van Wagoner 
(1991, 1995) (Figure 38). 
3) The prominent bends in the shoreline orientation of the Morapos 
Sandstone and Castlegate Sandstone represents a deltaic influence 
on sedimentation. 
4) The Castlegate condensed section unit is a prominent gamma ray 
marker within the interval and may be related to a condensed section 
associated with a major flooding surface. 
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SEGO SANDSTONE AND ASSOCIATED UNITS
Data base
The Sego Sandstone and associated units includes all strata between 
the top of the Castlegate Sandstone and the top of the Sego Sandstone 
(Figure 39). These units include: the Buck Tongue of the Mancos Shale, the 
Loyd Sandstone of the Buck Tongue, the lower Sego Sandstone, the Anchor 
Mine Tongue of the Mancos Shale, and the upper Sego Sandstone. The type 
log for this interval is located in Township 4S, 99W Section 10 of Rio Blanco 
County (Figure 39).  
The well data base contains 940 wells that either partially or 
completely penetrate the interval (Figure 40). However, the distribution of 
wells that penetrate this interval is not uniform across the study area. Well 
density increases to the south and to the east in the study area where the 
strata in the basin becomes structurally deeper (Figure 7). 
Well Completions
The Sego Sandstone and associated units are not typically a primary 
completion targets for oil and gas production within the Piceance Basin. 
According to individual well drilling reports submitted to the Colorado Oil and 
Gas Conservation Commission,  of the 940 wells in the data base that at least 
partially penetrate the top of Sego to top of Castlegate interval, 100 wells 
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and associated units interval in the study area. 
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Figure 40: Map showing the 940 wells within the database that either partially or completely penetrate 
the Sego Sandstone and associated units interval.
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have completions within the interval (http://cogcc.state.co.us, accessed 2009)
(Figure 41). Most of these completions occur in the north-central part of the 
study area.  
 
Interval Isopach Maps
Isopach maps were constructed for five different units:  Buck Tongue 
of the Mancos Shale (Figure 42), Loyd Sandstone of the Buck Tongue 
(Figure 43), lower Sego Sandstone (Figure 44), Anchor Mine Tongue of the 
Mancos Shale (Figure 45), and upper Sego Sandstone (Figure 46). The 
results of each map will be discussed below in conjunction with each of their 
respective intervals. 
 
Interval Cross Sections
Five key stratigraphic surfaces have been defined and correlated 
across the Piceance Basin study area (Figure 39). The five stratigraphic 
surfaces include: the top of the Loyd Sandstone, the top of the Buck Tongue 
of the Mancos Shale, the top of the lower Sego Sandstone, the top of the 
Anchor Mine Tongue of the Mancos Shale, and the top of the upper Sego 
Sandstone.  Each surface is shown on six cross sections (Figure 47). Two 
cross sections are oriented north- south, oblique to depositional dip (Figure 
76
30 miles/ 48 kms
Key
Well Location
N
9S Township Coordinates
7N
6N
5N
4N
3N
2N
1N
1S
2S
3S
4S
5S
6S
7S
8S
9S
10S
11S
12S
13S
14S
15S
103W  102W  101W  100W   99W     98W    97W     96W    95W     94W    93W    92W    91W     90W     89W     88W    87W    86W
Figure 41:  Map showing the locations of wells within the database that have completion intervals 
within the Sego Sandstone and associated units interval. Of the 940 wells that either completely or 
partially penetrate this interval, (Figure 40) only 100 had completions within the interval and all in the 
north-central region of the Piceance Basin study area. The majority of these wells are located in 
(1) Grand Valley Field, (2) Gasaway Field, (3) Figure Four Field, (4) Sulphur Creek Field, (5) Piceance 
Creek-Love Ranch Field, (6)Yellow Creek Field, and (7) Ryan Gulch Field.
1
2
3
54
7
6
77
78
79
80
81
82
Fig. 48
Fig. 49
Fig. 50
Fig. 51
Fig. 52
Fig. 53
30 miles/ 48 kms
Key
Well Location
N
9S Township Coordinates
7N
6N
5N
4N
3N
2N
1N
1S
2S
3S
4S
5S
6S
7S
8S
9S
10S
11S
12S
13S
14S
15S
103W  102W  101W  100W   99W     98W    97W     96W    95W     94W    93W    92W    91W     90W     89W     88W    87W    86W
Figure 47: Map showing the locations of the six cross sections used for the Sego Sandstone and 
associated units interval. Two cross sections (Figure 48, Figure 49) are oriented north-south oblique 
to dip and the remaining four cross sections (Figure 50, Figure 51, Figure 52, Figure 53) are oriented 
west-east oblique to strike. 
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48, 49) and four cross sections are oriented west- east, oblique to 
depositional strike (Figure 50- 53).   
 
Loyd Sandstone
The Loyd Sandstone is the most areally extensive of the four 
parasequence sets of the Buck Tongue of the Mancos Shale and is 
correlatable throughout the Piceance Basin study area. The Loyd Sandstone 
was named and described in detail by Konishi (1959). The type location for 
the Loyd Sandstone is located on the southeast side of Iles Mountain, Moffat 
County, Colorado (Figure 32). Konishi (1959) described the unit to be 
approximately 100 feet (30 meters) thick, conformable (non-erosive) at its 
upper boundary, and gradational into shale at the lower boundary. 
Lithologically, the unit was described to be greenish-gray, fine to very fine 
grained, calcareous sandstone. Biostratigraphic correlations place deposition 
of the Loyd Sandstone during the time of Baculites perplexus faunal zone 
(Figure 6) (Gill and Hale, 1975).  
For this thesis, the Loyd Sandstone is discussed with the underlying 
portion of the Buck Tongue of Mancos Shale (Figure 39). The base of the 
Loyd Sandstone parasequence set is the sharp contact with the Castlegate 
sequence boundary at the top of the Castlegate Sandstone. The top is a 
marine-flooding surface where shale (Facies H) overlies upper shoreface 
sandstone (Facies F) (Figure 39). 
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ag
on
er
 e
t a
l. 
(1
99
0)
, 
Va
n 
W
ag
on
er
 (1
99
1,
19
95
) a
nd
 H
et
tin
ge
r a
nd
 K
irs
ch
ba
um
 (2
00
2)
. (
S
1)
, (
S
6)
, (
S
8)
 L
oc
at
io
ns
 o
f t
he
 S
1,
 S
6,
 a
nd
 S
8 
se
qu
en
ce
 b
ou
nd
ar
ie
s 
of
 V
an
 
W
ag
on
er
 (1
99
1)
 a
nd
 H
et
tin
ge
r a
nd
 K
irs
ch
ba
um
 (2
00
2)
. (
N
S
) L
oc
at
io
n 
of
 th
e 
N
es
le
n 
se
qu
en
ce
 b
ou
nd
ar
y 
of
 V
an
 W
ag
on
er
 (1
99
1)
, H
et
tin
ge
r a
nd
 
K
irs
ch
ba
um
 (2
00
2)
, a
nd
 K
irs
ch
ba
um
 a
nd
 H
et
tin
ge
r (
20
04
) (
b)
 L
oc
at
io
n 
of
 th
e 
cr
os
s 
se
ct
io
n 
in
 th
e 
P
ic
ea
nc
e 
B
as
in
 s
tu
dy
 a
re
a 
an
d 
w
el
l l
is
t. 
(b
) L
oc
at
io
n 
of
 th
e 
cr
os
s 
se
ct
io
n 
in
 P
ic
ea
nc
e 
B
as
in
 s
tu
dy
 a
re
a 
an
d 
w
el
l l
is
t. 
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0:
 (a
) C
ro
ss
 s
ec
tio
n 
th
ro
ug
h 
th
e 
S
eg
o 
S
an
ds
to
ne
 a
nd
 a
ss
oc
ia
te
d 
un
its
 in
te
rv
al
 o
rie
nt
ed
 w
es
t-e
as
t o
bl
iq
ue
 to
 s
tri
ke
. T
he
 c
ro
ss
 s
ec
tio
n 
sh
ow
s 
(3
) t
he
 tr
an
sg
re
ss
iv
e 
sh
al
e 
lim
it 
be
lo
w
 th
e 
lo
w
er
 S
eg
o 
S
an
ds
to
ne
 b
et
w
ee
n 
w
el
ls
 1
 a
nd
 2
. (
7)
 T
he
 lo
w
er
 S
eg
o 
S
an
ds
to
ne
 a
nd
 (8
) u
pp
er
 
S
eg
o 
S
an
ds
to
ne
 b
ec
om
e 
in
cr
ea
si
ng
ly
 d
iff
ic
ul
t t
o 
co
rr
el
at
e 
up
di
p 
as
 th
er
e 
be
co
m
es
 li
ttl
e 
di
st
in
ct
io
n 
be
tw
ee
n 
th
e 
st
ac
ke
d 
st
ra
ta
. T
hi
s 
ca
n 
be
 s
ee
n 
be
tw
ee
n 
w
el
ls
 3
 a
nd
 2
 a
nd
 b
et
w
ee
n 
w
el
ls
 3
 a
nd
 2
 re
sp
ec
tiv
el
y.
 R
ef
er
 to
 F
ig
ur
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 fo
r l
og
 fa
ci
es
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ef
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iti
on
s.
 (C
G
) L
oc
at
io
n 
of
 th
e 
C
as
tle
ga
te
 
S
eq
ue
nc
e 
B
ou
nd
ar
y 
of
 V
an
 W
ag
on
er
 e
t a
l. 
(1
99
0)
, V
an
 W
ag
on
er
 (1
99
1,
19
95
) a
nd
 H
et
tin
ge
r a
nd
 K
irs
ch
ba
um
 (2
00
2)
. (
S
1)
, (
S
6)
, (
S
8)
 L
oc
at
io
ns
 o
f 
th
e 
S
1,
 S
6,
 a
nd
 S
8 
se
qu
en
ce
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ou
nd
ar
ie
s 
of
 V
an
 W
ag
on
er
 (1
99
1)
 a
nd
 H
et
tin
ge
r a
nd
 K
irs
ch
ba
um
 (2
00
2)
. (
N
S
) L
oc
at
io
n 
of
 th
e 
N
es
le
n 
se
qu
en
ce
 
bo
un
da
ry
 o
f V
an
 W
ag
on
er
 (1
99
1)
, H
et
tin
ge
r a
nd
 K
irs
ch
ba
um
 (2
00
2)
, a
nd
 K
irs
ch
ba
um
 a
nd
 H
et
tin
ge
r (
20
04
) (
b)
 L
oc
at
io
n 
of
 th
e 
cr
os
s 
se
ct
io
n 
in
 th
e 
P
ic
ea
nc
e 
B
as
in
 s
tu
dy
 a
re
a 
an
d 
w
el
l l
is
t. 
(b
) L
oc
at
io
n 
of
 th
e 
cr
os
s 
se
ct
io
n 
in
 th
e 
P
ic
ea
nc
e 
B
as
in
 s
tu
dy
 a
re
a 
an
d 
w
el
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is
t. 
  4
.7
m
i  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
4.
9m
i  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
  5
.9
m
i  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
  1
4.
8m
i  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
3.
4m
i  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
10
.3
m
i  
   
   
   
   
   
   
   
  
1 
    
    
    
    
    
    
2 
    
    
    
    
    
    
  3
    
    
    
    
    
    
    
   4
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
 5
    
    
    
    
   6
    
    
    
    
    
    
    
    
    
    
    
    
    
    
7 
    
    
    
    
    
    
    
    
    
    
    
    
 
Cg Ss
Mesaverde Group
Upper Creataceous
Buck Tongue 
Loyd Ss.
Sego Ss.
Upper
Lower
Iles 
Fm.
W
es
t  
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
   E
as
t
(b
)
(a
)
Co
ar
se
ni
ng
U
pw
ar
d
Se
qu
en
ce
s
SB
SB F
S
SB
3
8 7
FS
/S
B
CG
FS
S1
S6
SB
S8
Fa
ci
es
 A
Fa
ci
es
 B
Fa
ci
es
 A
Fa
ci
es
 F
Fa
ci
es
 G
Fa
ci
es
 H
Fa
ci
es
 B
N
S
Ve
rt
ic
al
 E
xa
gg
er
at
io
n 
43
:1
30
 m
ile
s/
 4
8 
km
s
Ke
y We
ll 
Lo
ca
tio
n
N
05
10
30
92
94
00
00
05
10
30
73
11
00
00
05
10
30
84
55
00
00
05
10
30
81
39
00
00
05
10
31
04
08
00
00
05
10
30
80
97
00
00
05
10
30
84
31
00
00
H
 H
 F
ed
er
al
Ph
ill
ip
s 
Fa
rm
ou
t
D
ra
go
n 
Tr
ai
l U
ni
t
Ch
an
ce
llo
r-
 F
ed
er
al
Le
ft
 F
or
k 
U
ni
t
G
ov
er
nm
en
t
U
SA
- P
ic
ea
nc
e 
Cr
ee
k
2-
14
-2
-1
04
21
-7
47 20
-3
65
02
29
8-
29
-2
T6
7-
13
G
A
PI
W
el
l N
am
e
W
el
l N
um
be
r
N
ot
es
In
te
rs
ec
ts
 F
ig
. 4
9
In
te
rs
ec
ts
 F
ig
. 4
8
Ke
y
   
   
   
   
 # 1 2 3 4 5 6 7
1 
  D
PH
I  
0.
3
10900
0 
   
 G
R 
  2
00
   
  0
   
IL
D
 2
00
1
W
el
l #
W
el
l T
yp
e
Sh
ut
-In
 O
il 
an
d 
G
as
 W
el
l
O
il 
an
d 
G
as
 W
el
l
G
as
 W
el
l
Pl
ug
ge
d 
an
d 
A
ba
nd
on
ed
A
ba
nd
on
ed
 G
as
 W
el
l
P&
A
 G
as
 W
el
l
SB
Se
qu
en
ce
 B
ou
nd
ar
y
Su
rf
ac
e
A
pp
ro
xi
m
at
e 
Su
rf
ac
e
FS
Fl
oo
di
ng
 S
ur
fa
ce
87
1000 1200 1400 1600 1800 2000 2200
800 1000 1200 1400 1600 1800 2000
1200 1400 1600 1800 2000 2200
3200 3400 3600 3800 4000 4200 4400
6400 6600 6800 7000 7200 7400 7600
7800 8000 8200 8400 8600 8800 9000
8200 8400 8600 8800 9000 9200
Fi
gu
re
 5
1:
 (a
) C
ro
ss
 s
ec
tio
n 
th
ro
ug
h 
th
e 
S
eg
o 
S
an
ds
to
ne
 a
nd
 a
ss
oc
ia
te
d 
un
its
 in
te
rv
al
 o
rie
nt
ed
 w
es
t-e
as
t o
bl
iq
ue
 to
 s
tri
ke
. T
he
 c
ro
ss
 s
ec
tio
n 
sh
ow
s 
(1
) t
he
 re
gr
es
si
ve
 s
an
ds
to
ne
 li
m
it 
of
 th
e 
Lo
yd
 S
an
ds
to
ne
 b
et
w
ee
n 
w
el
ls
 6
 a
nd
 7
. T
he
 c
ro
ss
 s
ec
tio
n 
al
so
 s
ho
w
s 
(5
) t
he
 tr
an
sg
re
ss
iv
e 
sh
al
e 
lim
it 
be
lo
w
 th
e 
up
pe
r S
eg
o 
S
an
ds
to
ne
 b
et
w
ee
n 
w
el
ls
 6
 a
nd
 7
. (
7)
 T
he
 lo
w
er
 S
eg
o 
S
an
ds
to
ne
 a
nd
 (8
) u
pp
er
 S
eg
o 
S
an
ds
to
ne
 b
ec
om
e 
in
cr
ea
si
ng
ly
 
di
ffi
cu
lt 
to
 c
or
re
la
te
 u
pd
ip
 a
s 
th
er
e 
be
co
m
es
 li
ttl
e 
di
st
in
ct
io
n 
be
tw
ee
n 
th
e 
st
ac
ke
d 
st
ra
ta
. T
hi
s 
ca
n 
be
 s
ee
n 
be
tw
ee
n 
w
el
ls
 1
 a
nd
 2
 a
nd
 b
et
w
ee
n 
w
el
ls
 1
 a
nd
 2
 re
sp
ec
tiv
el
y.
 (6
) T
he
 L
oy
d 
S
an
ds
to
ne
 a
ls
o 
be
co
m
es
 d
iff
ic
ul
t t
o 
co
rr
el
at
e 
do
w
nd
ip
 a
s 
th
e 
un
it 
is
 d
ep
os
ite
d 
fa
rth
er
 o
ffs
ho
re
 a
s 
se
en
 
be
tw
ee
n 
w
el
ls
 6
 a
nd
 7
. R
ef
er
 to
 F
ig
ur
e 
17
 fo
r l
og
 fa
ci
es
 d
ef
in
iti
on
s.
 (C
G
) L
oc
at
io
n 
of
 th
e 
C
as
tle
ga
te
 S
eq
ue
nc
e 
B
ou
nd
ar
y 
of
 V
an
 W
ag
on
er
 e
t a
l. 
(1
99
0)
, V
an
 W
ag
on
er
 (1
99
1,
19
95
) a
nd
 H
et
tin
ge
r a
nd
 K
irs
ch
ba
um
 (2
00
2)
. (
S
1)
, (
S
6)
, (
S
8)
 L
oc
at
io
ns
 o
f t
he
 S
1,
 S
6,
 a
nd
 S
8 
se
qu
en
ce
 b
ou
nd
ar
ie
s 
of
 V
an
 W
ag
on
er
 (1
99
1)
 a
nd
 H
et
tin
ge
r a
nd
 K
irs
ch
ba
um
 (2
00
2)
. (
N
S
) L
oc
at
io
n 
of
 th
e 
N
es
le
n 
se
qu
en
ce
 b
ou
nd
ar
y 
of
 V
an
 W
ag
on
er
 (1
99
1)
, H
et
tin
ge
r 
an
d 
K
irs
ch
ba
um
 (2
00
2)
, a
nd
 K
irs
ch
ba
um
 a
nd
 H
et
tin
ge
r (
20
04
). 
(b
) L
oc
at
io
n 
of
 th
e 
cr
os
s 
se
ct
io
n 
in
 th
e 
P
ic
ea
nc
e 
B
as
in
 s
tu
dy
 a
re
a 
an
d 
w
el
l l
is
t. 
(b
) L
oc
at
io
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of
 th
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cr
os
s 
se
ct
io
n 
in
 th
e 
P
ic
ea
nc
e 
B
as
in
 s
tu
dy
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re
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an
d 
w
el
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is
t. 
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2:
 (a
) C
ro
ss
 s
ec
tio
n 
th
ro
ug
h 
th
e 
S
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The thickness of the Loyd Sandstone (from the top of the Castlegate 
Sandstone to the top of the Loyd Sandstone) ranges from 250 feet (76 
meters) in east to greater than 700 feet (213 meters) in the southwest (Figure 
43). 
The Loyd Sandstone interval contains three different gamma-ray log 
facies: upper shoreface (Facies F), lower shoreface (Facies G), and marine 
shale (Facies H) (Figures 17, 54). The Loyd sandstone progrades to the 
south and to the east and eventually transitions into the Mancos Shale 
downdip. The downdip extent of the regressive shoreface sandstone was 
mapped across the Piceance Basin study area (Figure 55). This transition is 
marked where present on four of the six cross sections. Specifically, this can 
be seen between wells 6 and 7 of Figure 48 (1), between wells 4 and 5 of
Figure 49 (1), between wells 6 and 7 of Figure 51 (1), and between wells 5 
and 6 of Figure 52 (1). Like the older Morapos Sandstone and Castlegate 
Sandstone, there is a noticeable bend in the shoreline orientation (Figure 55 
(1)) of the Loyd Sandstone.  This prominent protrusion in the shoreline likely 
developed due to a higher rate of sedimentation at the delta-front to the east. 
The Loyd Sandstone becomes increasingly difficult to correlate 
downdip as the regressive unit transitions offshore into Mancos Shale and the 
coarsening-upward characteristic of the logs becomes more muted. This 
relationship can be seen between wells 8 and 9 of Figure 48 (6), between 
wells 4 and 5 of Figure 49 (6), between wells 6 and 7 of Figure 51 (6), 
91
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Figure 55: Map showing the approximate location of the down-dip facies extents for the Loyd 
Sandstone. Three depositional environments were identified with the Loyd Sandstone interval:
offshore (Facies H), lower shoreface (Facies G), and upper shoreface (Facies F). (1) A distinct 
embayment in the shoreline to the west is most likely due to a higher rate of sedimentation at the 
delta front. Refer to Figure 47 for locations of the cross sections, Figure 40 for the well control for this 
interval, and Figure 17 for facies descriptions.  
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between wells 6 and 7 of Figure 52 (6), and across the entire extent of 
Figure 53. 
 
Buck Tongue of the Mancos Shale 
The Buck Tongue of the Mancos Shale directly overlies the Castlegate 
Sandstone (Figure 39). To the southeast, the Buck Tongue is a continuous 
marine shale (Facies H) interval between the Castlegate Sandstone and the 
base of the lower Sego Sandstone. However, to the northwest, the Buck 
Tongue is separated by the regressive Loyd Sandstone into two discrete 
shale units (Figure 39).  
The Buck Tongue was first named and mapped by Fisher (1936) for 
the tongue of Mancos Shale that separates the Castlegate Sandstone from 
the Sego Sandstone. The Buck Tongue was named for Buck Canyon in 
Grand County, Utah (Figure 32). The lower contact of the Buck Tongue is  
sharp  with the Castlegate sequence boundary at the top of the Castlegate 
Sandstone. The upper contact is the erosional base of the tidal strata of the 
lower Sego Sandstone (Figure 39). The contact with the lower Sego 
Sandstone was interpreted as a sequence boundary in Prairie Canyon along 
the Colorado-Utah border (Figure 32) (Van Wagoner et al., 1990; Van 
Wagoner, 1991; Hettinger and Kirschbaum, 2002). This contact is referred to 
as the Sego 1 sequence boundary and is labeled (S1) on Figures 48-53. At 
the Sego 1 sequence boundary, upper shoreface (Facies F) and lower 
94
shoreface (Facies G) strata were reworked and replaced by tidal channel 
sandstones (Facies A). 
The thickness of the Buck Tongue of the Mancos Shale (from the top 
of the Castlegate Sandstone to the base of the Sego Sandstone) ranges from 
200 feet (61 meters) in the east to greater than 1,000 feet (305 meters) in the 
west (Figure 42). 
This unit contains up to four marine-flooding surfaces, however all four 
flooding surfaces are rarely all identifiable from the well-log suite as 
deposition is too seaward and well spacing is too coarse to distinguish 
flooding surfaces. Each flooding surface can clearly be seen on Figure 39.   
 
Lower Sego Sandstone
The Sego Sandstone was named and described by Fisher (1936). The 
unit was named for the now abandoned coal mining settlement of the same 
name in Grand County, Utah (Figure 32). Fisher (1936) classified the Sego 
as a member of the Price River Formation; however, the Sego is now 
recognized as a separate formation (Cobban and Reeside, 1952). Fisher 
(1936) described the Sego in the Utah portion of the Book Cliffs to be 
sandstone dominated ranging from buff, and cliff forming to thin bedded and 
shaley. In Utah, the Sego Sandstone is represented as a single sandstone 
unit. However, near the Colorado state line to the east, the Sego Sandstone 
95
splits into two separate informal units, the upper and lower Sego Sandstone 
(Erdmann, 1934; Franczyk, 1989).  
The base of the lower Sego Sandstone is the sharp erosive Sego 1 
sequence boundary at the top of the Buck Tongue of the Mancos Shale 
(Figure 39). The top of the lower Sego Sandstone is a flooding surface at the 
base of the Anchor Mine Tongue of the Mancos Shale (Figure 39). 
Biostratigraphic correlations place the deposition of the lower Sego 
Sandstone in the Baculites gregoryenis faunal zone (Figure 6) (Gill and Hale, 
1975). 
The lower Sego Sandstone (from the top of the Buck Tongue of the 
Mancos Shale to the top of the lower Sego Sandstone) ranges in thickness 
from 50 feet (15 meters) in the southwest to 290 feet (88 meters) in the 
northeast (Figure 44). 
The lower Sego Sandstone is dominated by tidally influenced facies 
(Van Wagoner et al., 1990; Van Wagoner, 1991; Hettinger and Kirschbaum, 
2002). Four facies were identified within the lower Sego Sandstone including: 
channel-fill (Facies A, B), flood plain (Facies D), and lower shoreface (Facies 
G)deposited in a marsh environment. A total of four different well-log facies 
were identified within the lower Sego Sandstone including Facies A, Facies B, 
Facies G, and Facies H (Figures 17, 54).  
The estuarine facies (Facies A) transitions to the south and to the east 
into a more marine influenced depositional environment that includes lower 
96
shoreface facies (Facies G) (Figure 56). The shoreface strata (Facies G) 
eventually transition into the Mancos Shale (Facies H) downdip (Figure 56). 
This transition is regarded as the downdip limit of the regressive sandstone 
(Figure 56). This transition can be seen on two of the six cross sections. 
Specifically, this can be seen between wells 7 and 8 of Figure 48 (2) and 
between wells 5 and 6 of Figure 49 (2).  
The updip limit of the Buck Tongue (Facies H) underlying the lower 
Sego Sandstone was also identified and mapped (Figure 56). This can be 
seen between wells 1 and 2 of Figure 49 (3) and between wells 1 and 2 of 
Figure 50 (3).  
The lower Sego Sandstone becomes increasingly difficult to correlate 
downdip as it transitions offshore into Mancos Shale, and the coarsening- 
upward characteristic of the logs becomes more muted. This relationship can 
be seen between wells 8 and 9 of Figure 48 (7), between wells 6 and 7 of
Figure 49 (7), and between wells 6 and 7 of Figure 52 (7). The lower Sego 
Sandstone also becomes increasingly difficult to correlate updip as there is 
little distinction between the strata of the lower and upper divisions of the 
Sego Sandstone. This relationship can be seen between wells 2 and 3 of
Figure 50 (7) and between wells 1 and 2 of Figure 51 (7). 
Van Wagoner (1991) identified six separate high-frequency sequence 
boundaries in outcrop within the lower Sego Sandstone along the Utah and 
Colorado border (Figure 32). Sequence boundaries were identified from 
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Figure 56: Map showing the approximate location of the down-dip facies extents for the lower Sego
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tidally influenced deposits are included in the continental environment. Refer to Figure 47 for locations 
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descriptions.  
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regional erosive surfaces where tidal strata were juxtaposed on top of 
shoreface or offshore strata. Of these six sequence boundaries, only the 
basal and upper sequence boundaries were identified with confidence from 
well logs and were correlated across the Piceance Basin study area. The 
Sego sequence boundary number six is identified as (S6) on Figures 48-53. 
The probable reason why sequence boundaries Sego 2- Sego 5 were not 
able to be identified within the subsurface of the Piceance Basin is because 
they merged into marine-flooding surfaces farther updip to the west. Possibly, 
sequence boundaries Sego 1 and Sego 6 represent regional third-order 
sequence boundaries while sequence boundaries Sego 2 –Sego 5 are higher 
frequency fourth-order and fifth-order sequence boundaries.  
 
Anchor Mine Tongue of the Mancos Shale
The upper and lower Sego are separated by a unit of the Mancos 
Shale (Figure 39) named the Anchor Mine Tongue by Erdmann (1934) for 
exposures near the Anchor coal mines in northwest Mesa County, Colorado 
(Figure 32).  
The Anchor Mine Tongue of Mancos Shale (from the top of the lower 
Sego Sandstone to the base of the upper Sego Sandstone) ranges in 
thickness from zero in the northwestern part of the study area to more than 
350 feet (107 meters) in the southeast (Figure 45).
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 The Anchor Mine Tongue of the Mancos Shale is a tongue of marine 
shale (Facies H). The base of the Anchor Mine Tongue is a sharp marine-
flooding surface on top of the lower Sego Sandstone. The top is the erosional 
base of the overlying tidal strata of the upper Sego Sandstone. A good 
example of this facies dislocation can be found on Figure 49 well 4. This 
contact was interpreted as a sequence boundary by Van Wagoner (1991). 
The sequence boundary is marked (S8) on Figures 48-53 after the Sego 8 
sequence boundary of Van Wagoner (1991) and Hettinger and Kirschbaum 
(2002). The S8 sequence boundary eventually merges with the top of the 
lower Sego Sandstone updip. This merged surface can best be seen between 
wells 3 and 4 on Figure 48.  
 The updip transgressive extent of the Anchor Mine Tongue is shown 
on Figure 57 (blue). Specifically, the pinchout can be seen between wells 5 
and 6 of Figure 48 (5), between wells 4 and 5 of Figure 49 (5), between wells 
6 and 7 of Figure 51 (5), and between wells 2 and 3 of Figure 52 (5).
Upper Sego Sandstone
The base of the upper Sego Sandstone corresponds to the Sego 8 
sequence boundary of Van Wagoner (1991). To the southeast, the Sego 8 
sequence boundary corresponds to the top of the Anchor Mine Tongue of the 
Mancos Shale. To the northwest, beyond the Anchor Mine Tongue pinchout, 
the Sego 8 sequence boundary directly overlies the lower Sego Sandstone. 
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These relationships can be seen on Figure 48 where the Anchor Mine 
Tongue pinches out between wells 3 and 4. The top of the upper Sego 
Sandstone is a flooding surface at the contact with the Corcoran Member of 
the Iles Formation (Figure 39). The upper Sego Sandstone and underlying 
Anchor Mine Tongue were deposited during the Baculites scotti faunal zone, 
which has been dated to 75.56 ± 0.11 Ma and 75.84 ± 0.26 Ma (Figure 6)
(Gill and Hale, 1975; Cobban et al., 2006). 
The upper Sego Sandstone (from the top of the Anchor Mine Tongue 
to the top of the upper Sego Sandstone) has a thickness range of nonexistent 
in the southeast to 250 feet (76 meters) in the northwest (Figure 46). 
Five well-log facies were identified within the upper Sego Sandstone: 
tidal channel (Facies A), incised valley (Facies B), flood plain (Facies D), 
lower shoreface (Facies G), and offshore (Facies H) (Figures 17, 54). The 
distribution of each well-log facies is shown on Figure 57.
The down-dip limit of the lower shoreface facies (Facies G) is regarded 
as the downdip limit of the regressive sandstone (Figure 57). This transition 
is marked where present on the six cross sections (Figures 48-53): between 
wells 8 and 9 of Figure 48 (4); between wells 6 and 7 of Figure 49 (4); and 
between wells 2 and 3 of Figure 53 (4). 
The upper Sego Sandstone becomes increasingly difficult to correlate 
downdip as the regressive unit transitions offshore into Mancos Shale and the 
coarsening-upward characteristic of the logs becomes more muted. This 
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relationship can be seen between wells 9 and 10 of Figure 48 (8), and 
between wells 7 and 8 of Figure 49 (8). The upper Sego Sandstone also 
becomes increasingly difficult to correlate updip as there is little distinction 
between the strata of the lower and upper divisions of the Sego Sandstone. 
This relationship can be seen between wells 2 and 3 of Figure 50 (8) and 
between wells 1 and 2 of Figure 51 (8). 
One additional sequence boundary (in addition to the Sego 8 
sequence boundary) was identified in the subsurface.  The second sequence 
boundary identified through well-log correlation is found at the top or near the 
top of the upper Sego Sandstone. At this stratigraphic position, an erosive 
surface that is correlatable in the subsurface across most of the study area. 
The identification of this surface as a sequence boundary is based off of the 
work of Van Wagoner (1991) and Kirschbaum and Hettinger (2004). Van 
Wagoner (1991) interpreted a major erosive surface (his Neslen Sequence 
Boundary) and lithofacies dislocation in the Book Cliffs outcrops of eastern 
Utah and the surface was correlated eastward toward the Colorado border. 
Kirschbaum and Hettinger (2004) confirmed the interpretation as a sequence 
boundary and correlated the surface eastward in outcrop and in the 
subsurface into the Piceance Basin. The sequence boundary is marked (NS) 
on Figures 48-53. The best evidence for this being a sequence boundary in 
the subsurface is the facies dislocation of sharp-based tidal sandstone 
(Facies A) overlying lower shoreface (Facies G) and offshore deposits 
(Facies F). This facies relationship can be seen in Figure 48 well 6. 
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Key Points
1) The Loyd Sandstone and Buck Tongue units were deposited in a 
prograding shoreface to marine depositional environment. 
2) The top of Buck Tongue was interpreted to be truncated by the lower 
Sego Sandstone and was interpreted to be a sequence boundary. 
3) The lower and upper Sego Sandstone units are dominated by 
estuarine facies. 
4) A total of nine sequence boundaries were identified within the upper 
and lower Sego Sandstone. Many of the sequence boundaries are 
equivalent to those identified by Van Wagoner et al. (1990), Van 
Wagoner (1991, 1995). The most prominent of these sequence 
boundaries is the Neslen Sequence Boundary located near the top of 
the upper Sego Sandstone (Figure 58). 
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ILES FORMATION
The Iles Formation comprises three separate regressive sandstone 
units that are separated by marine tongues of Mancos Shale (Figure 59). 
These regressive sandstones are treated as separate members of the Iles 
Formation. In ascending order, they are the Corcoran Member, the Cozzette 
Member, and the Rollins Member.   
The name “Iles Formation” was first applied by Hancock (1925) for Iles 
Mountain in Moffat County, CO where this interval is well exposed (Figure 
32). Hancock (1925) recognized that the thick, marine sandstone (Rollins 
Member) and thick overlying coal-bearing interval (Cameo-Wheeler Coal 
Zone) made excellent stratigraphic markers that could be easily recognized 
and correlated across great distances.  
The Iles Formation and its associated members have been identified 
by different nomenclature over the years depending on time of publication 
and geographic locale (Figure 12). The changes in nomenclature can cause 
confusion when reading the abundance of papers and reports published over 
the years. For example, the Iles Formation is often referred to as the Mount 
Garfield Formation in publication, but the two units are the same.  
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Figure 59: (A)Typelog for the Iles Formation 
in the Piceance Basin study area. The Iles 
Formation comprises three members: the 
Corcoran Member, Cozzette Member, 
and the Rollins Member. (B) The location for
the well in the Orchard Field (yellow star). 
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CORCORAN MEMBER AND ASSOCIATED UNITS
Data base
The Corcoran Member and associated units of the Iles Formation 
encompass the interval between the top of the upper Sego Sandstone and 
the base of the Cozzette Member of the Iles Formation (Figures 60, 61). Two 
type logs are used for this interval to show all of the informal stratigraphic 
units correlated across the Piceance Basin study area. The first type log for 
this interval is located in Township 8S, 96W Section 17 of Rio Blanco County 
(Figure 60). The second type log is located in Township 8S, 100W Section 6 
of Garfield County (Figure 61).  
A total of 990 wells either partially or completely penetrate the 
Corcoran Member and associated units within the Piceance Basin study area 
data base (Figure 62). The distribution of wells that penetrate this interval is 
fairly uniform across the study area with increases in well penetrations at 
highly developed fields (Dragon Trail, Cathedral, Mamm Creek, Grand 
Valley).  
 
Well Completions
The Corcoran Member is not typically a primary production target 
within the Piceance Basin. According to individual drilling reports submitted to 
the Colorado Oil and Gas Conservation Commission (COGCC), of the 990 
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Figure 60: (A) Type log for the Corcoran 
Member of the Iles Formation in the
southern part of the study area. (FS)-
Flooding Surface. (CN SB)- Corcoran 
Sequence Boundary. (BC SB)- Buck Canyon
Sequence Boundary. (B) Location for this 
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Figure 61: (A) Type log for the Corcoran 
Member of the Iles Formation in the 
northern part of the Piceance Basin study 
area. (FS)- Flooding Surface. (CN SB)- 
Corcoran Sequence Boundary. (BC SB)- 
Buck Canyon Sequence Boundary. (B) 
Location for this typelog is just west of the 
Figure Four Field (yellow star). 
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Figure 62: Map showing the 990 wells within the database that either partially or completely penetrate 
the Corcoran Member of the Iles Formation.  
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wells in the data base that at least partially penetrate the top of Corcoran 
Member, 332 wells have completions within the interval 
(http://cogcc.state.co.us, accessed 2009) (Figure 63). The majority of these 
completions occur in the central part of the study area as well as along the 
Interstate 70 corridor. However, there may be many more wells within the 
Piceance Basin that produce from the Corcoran Member but simply lists the 
production unit as the Iles Formation. Furthermore, complex leasing rights 
within the Piceance Basin often subdivide the rights by stratigraphic interval 
and may limit the number of completions. 
 
Interval Isopach Map
An isopach map of the Corcoran Member from the top of the upper 
Sego Sandstone to the base of the Cozzette Member was made and will be 
discussed with the respective interval (Figure 64).  
 
Interval Cross Sections
Three key stratigraphic units have been defined and correlated across 
the Piceance Basin study area: the Anchor coal zone, the Palisade coal zone, 
and the Corcoran Member of the Iles Formation. Each unit is shown on six 
cross sections (Figure 65). Two cross sections are oriented north- south, 
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Figure 63: Map showing the locations of wells within the database that have completion intervals within 
the Corcoran Member of the Iles Formation. Of the 990 wells (Figure 62) that either completely or 
partially penetrate the Corcoran Member, only 332 completed that interval. The majority of the wells are 
located within (1) West Muddy Creek Field, (2) Divide Creek Field, (3) Vega Field, (4) Plateau Field, 
(5) Shire Gulch Field, (6) Brush Creek Field, (7) Buzzard Field, (8) DeBeque Field, (9) Logan Wash Field,
(10) Orchard Field, (11) Rulison Field, (12) Mamm Creek, (13) Trail Ridge Field, (14) Gasaway Field, 
(15) Figure Four Field, (16) Sulphur Creek Field, (17) Piceance Creek-Love Ranch Field, (18) Ryan 
Gulch Field, (19) Yellow Creek Field, and (20) Powell Park Field.
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Figure 65: Map showing the locations of the six cross sections used for the Corcoran Member of
the Iles Formation. Two cross sections (Figure 66, Figure 67) are oriented north - south oblique
to dip and the remaining four cross sections (Figure 68, Figure 69, Figure 70, Figure 71) are oriented 
west -east oblique to strike. 
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oblique to depositional dip (Figure 66, 67) and four cross sections are 
oriented west- east, oblique to depositional strike (Figure 68-71).  
 
Corcoran Member of the Iles Formation
The Corcoran Member is the basal regressive member of the Iles 
Formation (Figure 59). The Corcoran was first named by Young (1955) for 
exposures near the old Corcoran Mine in the Book Cliffs north of Grand 
Junction, CO (Figure 32). Young (1955) described the Corcoran as “littoral 
marine sandstone and associated coal-bearing rocks which lies above the 
Sego member, and is separated from it by a thin tongue of Mancos shale”  
Biostratigraphic correlations place the deposition of the Corcoran 
Member in the upper portion of the upper Campanian in the Didymoceras 
nebrascense faunal zone, which has been dated to 75.19 ± 0.28 Ma (Figure 
6) (Gill and Hail, 1975; Franczyk et al., 1992; Kirschbaum and Hettinger, 
2004).   
The base of the Corcoran Member corresponds to the flooding surface 
contact with the upper Sego Sandstone (Figure 60). The top of the Corcoran 
Member is a flooding surface that is the basal contact of the overlying 
Cozzette Member (Figure 60). Updip, in the continental setting, this boundary 
corresponds with a widespread sharp-based sandstone (Figure 66, well 3). 
This contact with the overlying Cozzette Member was interpreted to be a 
sequence boundary in outcrop and the subsurface by Kirschbaum and 
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Hettinger (2004) and was named the Buck Canyon sequence boundary. 
Hettinger and Kirschbaum (2004) based their interpretation on the 
juxtaposition of tidal facies (Facies A) over marine shale (Facies H) in the 
vicinity of Hunter Canyon in the Piceance Basin (Figure 32). The Buck 
Canyon sequence boundary is marked (BC) on Figures 66-71. An additional 
sequence boundary is present within the Corcoran Member and is described 
below. 
In the subsurface, the thickness of the Corcoran Member ranges 
between 150 and 350 feet (46 and 107 meters) with the thickest interval being 
in the southeastern part of the study area (Figure 64). 
Eight different well-log facies were identified within the Corcoran 
Member and associated units interval: tidal channel deposits (Facies A), 
incised valley fill (Facies B, C), flood plain (Facies D), wetlands and coal 
(Facies E), upper shoreface (Facies F), lower shoreface (Facies G), and 
marine shale (Facies H) (Figure 17, 72).  The areal extents of each facies are 
shown on Figure 73.  
In the northwest, the Corcoran Member comprises entirely of 
continental strata (Facies A, B, C, D, E) that transition downdip to the 
southeast into prograding shoreface sandstone (Facies E, F) followed 
downdip by Mancos Shale (Facies H) (Figure 73) . The downdip extent of the 
shoreline as well as the updip Mancos Shale pinchout was mapped across 
the study area (Figure 73).  
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Figure 73: Map showing the approximate location of the downdip facies extents  for the Corcoran 
Member of the Iles Formation and associated unts. Four depositional environments were identified 
with the Corcoran Member interval: offshore (Facies H), lower shoreface (Facies G), upper 
shoreface (Facies F), and continental (Facies B, C, D, E). Note for this display tidally influenced deposits 
are included in the continental environment. Refer to Figure 65 for locations of the cross sections, 
Figure 62 for the well control for this interval, and Figure 17 for facies descriptions. 
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The downdip marine section consists of two stacked coarsening-
upwards parasequence sets (Facies F, G, H) grading upwards from marine 
shale to shoreface sandstone (Figure 60). The shoreface sandstone is 
blanket-like and continuous over moderately long distances (tens of 
miles/kilometers). In contrast, the up-dip coastal-plain facies (Facies B, C, D) 
set contains mostly fining-upwards sequences of sandstone and associated 
shale (Figure 61). Individual sandstone beds are quite discontinuous with 
correlation of individual beds only possible over less than 500 feet (150 
meters).  
The Corcoran Member becomes increasingly difficult to correlate updip 
where there is little distinction between the continental facies of the Corcoran 
Member and the overlying Cozzette Member of the Iles Formation and 
flooding surfaces are not easy to identify. This relationship can be seen 
between wells 6 and 7 of Figure 66 (7), between wells 1 and 2 of Figure 67
(7), between wells 3 and 4 of Figure 68 (7), and between wells 3 and 4 of 
Figure 69 (7).
Coal
Within the coastal plain facies of the Corcoran Member, two named 
coal zones, the Anchor coal zone and the Palisade coal zone, are present 
and have been correlated across the Piceance Basin study area (Figures 66-
71). The vast extents of both of these coal zones can probably be attributed 
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to sustained periods of elevated water table levels that provided for favorable 
conditions for peat to accumulate. 
Anchor coal zone
The Anchor coal zone overlies the top of the upper Sego Sandstone. 
The zone was first named and described by Erdmann (1934) near the Anchor 
Coal Mine north of Grand Junction, CO (Figure 32). However, the coal zone 
was subsequently redefined by Young (1955).  Recent studies by Hettinger 
and Kirschbaum (2002) along the Book Cliffs in eastern Utah and western 
Colorado describe the Anchor coal zone along the Book Cliffs to contain one 
to three coal beds with a net thickness of two to ten feet (0.6 and 3 meters).  
The coals were identified and correlated across the Piceance Basin 
study area by using the gamma-ray and density porosity log curves (Facies 
D, Facies E). The Anchor coal zone is approximately 15-20 miles (24-32 km) 
wide and is only present in the central part of the Piceance Basin study area 
(Figure 74). Specifically, the Anchor coal zone is present between wells 3(5) 
and 7(5) in Figure 66, wells 2(5) and 6(5) in Figure 67, well 8(5) and the 
western extent of the cross section in Figure 68, and well 9(5) to the eastern 
extent of the cross section in Figure 69.  
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Figure 74: Map showing the approximate extents of the Anchor Coal Zone within the Corcoran Member 
of the Iles Formation. Coal was calculated from gamma ray and bulk density values. Refer to Figure 62 
and Figure 65 for cross section locations and well density for the Corcoran Member respectively. 
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Palisade coal zone 
The Palisade coal zone lies at or near the top of the Corcoran Member 
of the Iles Formation (Figure 60). Like the Anchor coal zone, the zone was 
also named and described by Erdmann (1934) and was redefined by Young 
(1955). The Palisade coal zone was named for exposures at the Palisade 
Mine northeast of Grand Junction, Colorado (Figure 32). Recent studies 
along the Book Cliffs in eastern Utah and western Colorado by Hettinger and 
Kirschbaum (2002) describe the zone to contain one to four coal beds with a 
net thickness of two to twelve feet (0.6 to 3.7 meters) thick.  
The Palisade coal zone is approximately 15-20 miles (24-32 km) wide 
and is only present in the central part of the Piceance Basin study area 
(Figure 75).  Specifically, the Palisade coal zone is present between wells 
7(6) and 9(6) in Figure 66, wells 5(6) and 7(6) in Figure 67, and well 2(6) to 
the western extent of the cross section in Figure 70. This is a zone that 
parallels the trend of the paleo shoreline (Figure 73). 
Finally, a prominent sequence boundary was identified within the 
Corcoran Member of the Iles Formation. The identification of this sequence 
boundary is almost entirely based on the work of Kirschbaum and Hettinger 
(2004). Kirschbaum and Hettinger (2004) recognized an erosive surface that 
juxtaposed tidal deposits over marine shale through outcrop and subsurface 
analysis along the Book Cliffs in the southern part of the Piceance Basin. The 
erosive surface was named the Corcoran sequence boundary and is marked 
(CN) on Figures 66-71.  To the southeast the Corcoran sequence boundary 
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Figure 75: Map showing the approximate extents of the Palisade Coal Zone of the Corcoran Member 
of the Iles Formation. Coal was calculated from gamma ray and bulk density values. Refer to Figure 65 
and Figure 62 for cross section locations and well density for the Corcoran Member respectively. 
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is recognized  where shoreface deposits (Facies F, G) were reworked and 
replaced by tidal channel facies (Facies A)  which be seen in Figure 67 at 
well 8. Landward, the sequence boundary is recognized where tidal deposits 
(Facies A) overlay the Anchor coal zone (Facies D, E) which can be seen in 
Figure 67 at well 4. 
 
Key Points
1) The Corcoran Member is the basal regressive member of the Iles 
Formation. 
2) Progradational shallow marine facies within the Corcoran Member 
transition updip to the west into coastal plain and estuarine facies 
(Figure 76). 
3) Estuarine facies unconformably overlie marine shale and has been 
identified as the Corcoran Sequence Boundary of Kirschbaum and 
Hettinger (2004). 
4) Two coal zones (the Palisade and Anchor Mine) are found within 
the study interval and are prominent stratigraphic markers. 
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COZZETTE MEMBER AND ASSOCIATED UNITS
Data base
The Cozzette Member and associated units of the Iles Formation 
encompass the interval between the top of the Corcoran Member of the Iles 
Formation and the base of the Rollins Member of the Iles Formation (Figure 
77). The type log for this interval is located in township 6S, range 97W 
Section 23 of Garfield County in the Trail Ridge Field area (Figure 77).  
A total of 986 wells either partially or completely penetrate the 
Cozzette Member within the Piceance Basin study area data base (Figure 
78). The distribution of wells that penetrate this interval is fairly uniform across 
the study area with a notable increase in well penetrations at highly 
developed fields (Dragon Trail, Cathedral, Mamm Creek, Grand Valley etc.).  
Well Completions
The Cozzette Member is not typically a primary production target in the 
Piceance Basin. Of the 986 wells in the data base that at least partially 
penetrate the top of Corcoran Member, 261 wells have completions within the 
interval (Figure 79). The majority of these completions occur in the central 
part of the study area as well as along the Interstate 70 corridor. However, 
there may be many more wells within the Piceance Basin that produce from 
the Cozzette Member but simply summarizes the production unit as the Iles 
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The Lower Cozzette is the basal regressive
parasequence of the Cozzette Member. With the
Chesterfield Coal Zone at its top, this
parasequence thickens basinwards to the 
southeast. Updip, the parasequence transitions
from predominantly marine to coastal plain facies.
Cozzette Member
Chesterfield Coal Zone
The Chesterfield Coal Zone is an 
intermittent stratigraphic marker that 
signifies the division between the Upper
and Lower Cozzette.
Corcoran Member
Lower Cozzette
  
Upper Cozzette
The Upper Cozzette has been 
interpreted to contain one to two 
transgressive sequences that thicken to 
the northeast.  Downdip these two 
sequences pinch out over the Lower
Cozzette. The top of the Upper Cozzette is 
sharp flooding surface that is correlateable
nearly basinwide.  
Figure 77: (A) Type log for Cozzette Member 
of the Iles Formation in the Piceance Basin 
study area. (FS)- Flooding Surface. (BC SB)- 
Buck Canyon Sequence Boundary. (CZ SB)- 
Upper Cozzette Sequence Boundary. 
(CR SB)- Cozzette Rollins Sequence 
Boundary. (B) The location for this well in the 
Trail Ridge Field area (yellow star). 
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Figure 78: Map showing the 986 wells within the database that either partially or completely penetrate 
the Cozzette Member of the Iles Formation.
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Figure 79: Map showing the locations of wells within the database that have completion intervals within 
the Cozzette Member of the Iles Formation. Of the 986 wells that either completely or partially penetrate 
the Cozzette Member (Figure 78), only 261 completed that interval. Most of the wells are found within 
(1) Plateau Field, (2) Vega Field, (3) Buzzard Field, (4) Divide Creek Field, (5) Mamm Creek Field, 
(6) Rulison Field, (7) Shire Gulch Field, (8) DeBeque Field, (9) Orchard Field, (10) Grand Valley Field,
(11) Logan Wash Field, (12) Gasaway Field, (13) Figure Four Field, (14) Sulphur Creek Field, (15) 
Piceance Creek- Love Ranch Field, (16) Ryan Gulch Field, (17) Yellow Creek Field, (18) White River 
Dome Field, and (19) Powell Park Field. 
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Formation. Furthermore, complex leasing rights within the Piceance Basin 
often subdivide the rights by stratigraphic interval and may limit the number of 
completions. 
Interval Isopach Maps
Isopach maps were constructed for two different intervals: the lower 
Cozzette Member of the Iles Formation (Figure 80) and the upper Cozzette 
Member of the Iles Formation (Figure 81). Each map will be discussed with 
their respective unit descriptions.  
 
Interval Cross Sections
Three key stratigraphic units have been defined and correlated across 
the Piceance Basin study area: the lower Cozzette Member, the Chesterfield 
coal zone, and the upper Cozzette Member. Each unit is shown on six cross 
sections (Figure 82). Two cross sections are oriented north- south, oblique to 
depositional dip (Figure 83, 84) and four cross sections are oriented west- 
east, oblique to depositional strike (Figures 85- 88).   
 
 
 
137
138
139
Fig. 83
Fig. 84 Fig. 85
Fig. 86
Fig. 87
Fig. 88
30 miles/ 48 kms
Key
Well Location
N
9S Township Coordinates
7N
6N
5N
4N
3N
2N
1N
1S
2S
3S
4S
5S
6S
7S
8S
9S
10S
11S
12S
13S
14S
15S
103W  102W  101W  100W   99W     98W    97W     96W    95W     94W    93W    92W    91W     90W     89W     88W    87W    86W
Figure 82:  Map showing the locations of the six cross sections used for the Cozzette Member of 
the Iles Formation. Two cross sections (Figure 83, Figure 84) are oriented north-south oblique to dip 
and the remaining four cross sections (Figure 85, Figure 86, Figure 87, Figure 88) are oriented 
west-east oblique to strike. 
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 o
f K
irs
ch
ba
um
 a
nd
 H
et
tin
ge
r (
20
04
). 
(C
R
) 
C
oz
ze
tte
-R
ol
lin
s 
se
qu
en
ce
 b
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 (a
) C
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C
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tte
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f t
he
 Il
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 u
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fie
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 C
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Lower Cozzette Member  
The Cozzette Member is the middle member of the Iles Formation 
(Figure 59). The Cozzette Member was first named by Young (1955) for 
exposures near the old Cozzette Mine north of Palisade, Colorado (Figure 
32). Biostratigraphic correlations place the deposition of the Cozzette Member 
in the latest Campanian in the Didymoceras stevensoni faunal zone (Gill and 
Hail, 1975; Madden, 1989; Franczyk et al., 1992; Kirschbaum and Hettinger, 
2004).   
The lower Cozzette is an informal division of the Cozzette Member that 
overlies the top of the Corcoran Member. The lower contact is the Buck 
Canyon sequence boundary at the top of the Corcoran Member of the Iles 
Formation (Figure 76).  The upper contact with the upper Cozzette Member 
of the Iles Formation was interpreted to be a sequence boundary by 
Kirschbaum and Hettinger (2004) from outcrop and subsurface studies in the 
southern Piceance Basin and was named the Upper Cozzette sequence 
boundary. This sequence boundary is marked (CZ) on Figures 83-88.   
Hettinger and Kirschbaum’s (2004) interpretation of the Upper 
Cozzette sequence boundary was based  on the juxtaposition of tidal 
estuarine strata (Facies A) overlying lower shoreface strata (Facies G) along 
the Book Cliffs 9 miles (14.5 km) northwest of Mt. Garfield (Figure 32).  
Evidence for this relationship in the subsurface can best be seen in Figure 83
well 8. Farther updip to the west and to the north, tidal deposits (Facies A) 
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overly an extensive coal zone (Facies E) as can be seen in Figure 83 wells 1-
3.   
The lower Cozzette Member (from the top of the Corcoran Member to 
the top of the lower Cozzette Member) ranges in thickness from 100 to 300 
feet (30-91 meters) with the thickest portion being in the southeastern part of 
the study area (Figure 80). 
Eight well-log facies were identified within the lower division of the 
Cozzette Member of the Iles Formation:  tidal channel-fill (Facies A),  
channel-fill (Facies B, C), flood plain (Facies D), wetlands (Facies E), upper 
shoreface (Facies F), lower shoreface (Facies G), and marine shale (Facies 
H) (Figures 17, 89). To the northwest, the lower Cozzette Member comprises 
entirely of continental strata (Facies A, B, C, D, E) that transition downdip to 
the southeast into prograding parasequence set consisting of marine shale 
(Facies F) grading upwards into shoreface sandstone (Facies G, H) (Figure 
90). The downdip extent of the regressive shoreline as well as the updip 
Mancos Shale pinchout was mapped across the study area (Figure 90).  
 
Chesterfield coal zone
The Chesterfield coal zone lies at the top of the lower Cozzette 
Member (Figure 77). The coal zone was first named and described by Fisher 
(1936) for the Chesterfield coal mine north of the now abandoned town of 
Sego, Utah (Figure 31). The Chesterfield coal zone (Facies D, Facies E) is 
148
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Figure 90: Map showing the approximate location of the downdip facies extents for the Cozzette 
Member of the Iles Formation. Four depositional environments were identified within Cozzette Member 
interval: offshore (Facies H), lower shoreface (Facies G), upper shoreface (Facies F), and continental 
(Facies A, B, C, D, E). Note for this display tidally influenced deposits are included in the continental 
environment. Refer to Figure 82 for locations of the cross sections, Figure 78 for the well control for 
this interval, and Figure 17 for facies descriptions. 
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quite areally extensive and can be traced for upwards of 75 miles. Within the 
Piceance Basin study area, the Chesterfield coal zone contains numerous 
coal seams over an interval that is about 50-75 feet (15-23 meters) thick 
(Figure 77) (Fisher, 1936; Kirschbaum and Hettinger, 2004). 
 The Chesterfield coal zone is present in the central part of the 
Piceance Basin study area in an areal zone that is approximately 25 miles (40 
km) wide (Figure 91).  Specifically, the Chesterfield coal zone is present 
between well 7(3) to the northern extent of the cross section in Figure 83, 
wells 3(3) and 4(3) in Figure 84, well 6(3) to the western extent of the cross 
section in Figure 85, well 4(3) to the western extent of the cross section in 
Figure 86, well 8(3) to the eastern extent of the cross section in Figure 87,
and wells 4(3) and 6(3) in Figure 88. This is a zone that parallels the trend of 
the paleo shoreline (Figure 90).  
 
Upper Cozzette Member 
The upper Cozzette disconformably overlies the top of the lower 
Cozzette (Figure 77). The base of the upper Cozzette is the erosional contact 
with the Upper Cozzette sequence boundary. The upper limit of the upper 
Cozzette Member is the flooding surface at the base of the Rollins Member of 
the Iles Formation or the associated updip coastal plain facies (Cameo Coal 
Zone) (Figure 77).   
The upper Cozzette Member of the Iles Formation (from the top of the 
lower Cozzette Member to the top of the upper Cozzette Member) ranges in 
151
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Figure 91: Map showing the approximate extents of the Chesterfield Coal Zone of the Cozzette 
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respectively. 
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thickness between 0 and 200 feet (0 and 61 meters) with the thickest portion 
being in the northern part of the study area (Figure 81). This distribution 
differs from the underlying lower Cozzette Member, which thickens to the 
southeast (Figure 80). These differences in iso-thick distribution are 
attributed to a change from a progradational to retrogradational stacking 
pattern. This relationship can best be seen on Figure 84 between wells 7 and 
10. Due to the retrogradational stacking patterns seen in the subsurface 
correlations, the upper Cozzette Member has been interpreted to be 
deposited in a transgressive shoreline environment.  
Eight different well-log facies were identified within the upper division 
of the Cozzette Member of the Iles Formation: tidal channel-fill (Facies A),  
channel-fill (Facies B, C), flood plain (Facies D), wetlands (Facies E), upper 
shoreface (Facies F), lower shoreface (Facies G), and marine shale (Facies 
H) (Figures 17, 89). In the northeast, the upper Cozzette Member is 
composed of entirely of continental strata (Facies A, B, C, D, E) that transition 
downdip into marine strata.  
 A prominent sequence boundary was identified within within the upper 
Cozzette Member of the Iles Formation. The identification of this sequence 
boundary was based on the work of Kirschbaum and Hettinger (2004). 
Kirschbaum and Hettinger (2004) recognized an erosive surface that 
juxtaposed estuarine strata overlying offshore shale through outcrop and 
subsurface observations along the Book Cliffs in the southern part of the 
Piceance Basin. The sequence boundary was named the Cozzette-Rollins 
153
sequence boundary and is marked (CR) on Figures 83-88. The best 
evidence for the sequence boundary is on Figure 88 in wells 3 through 5 
where tidal facies (Facies A) overlie offshore marine (Facies G) and lower 
shoreface facies (Facies H). 
 
Key Points
1) The Cozzette Member of the Iles Formation comprises two units: 
the upper Cozzette Member and the lower Cozzette Member. The 
two units are separated by a tongue of Mancos Shale. 
2) The lower Cozzette Member comprises progradational shallow 
marine strata that transition into coastal plain strata updip. 
3) The upper Cozzette Member comprise retrogradational shallow- 
marine strata that transition into coastal plain strata updip. 
4) The upper Cozzette Member contains a sequence boundary first 
interpreted by Hettinger and Kirschbaum (2004) where estuarine 
strata unconformably overlie lower shoreface strata (Figure 92). 
5) The Chesterfield coal zone is an extensive well log marker 
contained within the lower Cozzette Member. 
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ROLLINS MEMBER AND ASSOCIATED UNITS
Data base
 The Rollins Member and associated units of the Iles Formation 
encompass the interval between the top of the Cozzette Member of the Iles 
Formation and the base of the Cameo-Wheeler Coal Zone (Figure 93). The 
well used for the type log for the Rollins Member for this study is located in 
township 6S range 97W section 23 of Garfield County near the Trail Ridge 
Field (Figure 93).  
A total of 2,198 wells either partially or completely penetrate the Rollins 
Member within the Piceance Basin study area data base (Figure 94). The 
distribution of wells that penetrate this interval is uniform across the study 
area with increases in well penetrations at highly developed fields. 
 
Well Completions
The Rollins Member is not a primary production target. Of the 2,198 
wells in the data base that at least partially penetrate the top of Rollins 
Member, 52 wells have completions within the interval (Figure 95). The 
majority of these completions occur in the north-central part of the Piceance 
basin. However, there may be many more wells within the Piceance Basin 
that produce from the Rollins Member but summarizes the production unit as 
the Iles Formation. Furthermore, complex leasing rights within the Piceance 
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Cameo-Wheeler Coal Zone
The Cameo-Wheeler Coal Zone overlies the Rollins
Member of the Iles Formation.  
Cozzette Member
Rollins Member
The Rollins Member of the Iles Formation is a
very prominent parasequence set present within
the Piceance Basin study area. Thickness of the
parasequence set ranges from 0 feet in the 
northwest to 750 feet in the southeast. However, 
only the upper shoreface sandstone facies of the 
parasequence is officially named Rollins Member.
The Rollins Member undergoes a series of 
“step-ups” progressing down-dip.  
Mancos Shale
Underlying the upper shoreface facies of the
Rollins Member is a tongue of Mancos Shale and
lower shoreface deposits. The contact with the
overlying Rollins Member upper shoreface
sandstone ranges from gradational to sharp. 
Figure 93: (A) Type log for Rollins Member 
of the Iles Formation in the Piceance Basin 
study area. (FS)-Flooding Surface.  (B) 
The location for this well in the Trail Ridge 
Field area (yellow star). 
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Figure 94: Map showing the 2,198 wells within the database that either partially or completely 
penetrate the Rollins Member of the Iles Formation. 
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Figure 95:  Map showing the locations of wells within the database that have completion intervals within 
the Rollins Member of the Iles Formation. Of the 2,198 wells that either completely or partially penetrate 
the Rollins Member (Figure 94), only 52 completed that interval. Most of the completions are found 
within (1) Plateau Field, (2) Buzzard Field, (3) Mamm Creek Field, (4) Orchard Field, (5) DeBeque Field,
(6) Logan Wash Field, (7) Orchard Field, (8) Gasaway Field, (9) Figure Four Field, (10) Sulphur Creek 
Field, (11) Piceance Creek-Love Ranch Field, (12) Ryan Gulch Field, and (13) Yellow Creek Field.
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Basin often subdivide the rights by stratigraphic interval and may limit the 
number of completions. 
Interval Isopach Maps
An isopach map of the Rollins Member from the top of the Cozzette 
Member to the top of the Rollins Member was made and will be discussed 
with the respective interval (Figure 96).  
 
Interval Cross Sections
Two surfaces were correlated through the Rollins Member across the 
Piceance Basin: the top of the Rollins Member and the base of the upper 
shoreface sandstone facies (Figure 93). Both surfaces are shown on six 
cross sections across the Piceance Basin study area (Figure 97). Two cross 
sections are oriented north to south oblique to strike (Figures 98, 99) and 
four cross sections are oriented west to east oblique to dip (Figures 100- 
103). 
Rollins Member
The Rollins Member is the uppermost member of the Iles Formation 
(Figure 59). The Rollins was first named by Lee (1909) for exposures near 
the old Rollins Mine north of Delta, Colorado (Figure 32).  Lee (1909) 
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Fig. 98
Fig. 99
Fig. 100
Fig. 101
Fig. 102
Fig. 103
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Figure 97:  Map showing the locations of the six cross sections used for the Rollins Member of the 
Iles Formation. Two cross sections (Figure 98, Figure 99) are oriented north-south oblique to dip and 
the remaining four cross sections (Figure 100, Figure 101, Figure 102, Figure 103) are oriented 
west- east oblique to strike. 
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described the Rollins as white, cliff-forming sandstone that marks the base of 
coal bearing rocks (Cameo-Wheeler Coal Zone). Biostratigraphic correlations 
place the deposition of the Rollins Member in the latest Campanian in the 
Exiteloceras jenneyi faunal zone (Figure 6). Exiteloceras jenneyi has been 
dated to 75.08±0.11Ma (Madden, 1989; Franczyk et al., 1992; Kirschbaum 
and Hettinger, 2004; Cobban et al., 2006).  
The Rollins Member overlies the top of the Cozzette Member and 
below the Cameo-Wheeler Coal Zone of the Williams Fork Formation (Figure 
93). The contact with the underlying Cozzette Member is a very sharp, well 
defined marine-flooding surface. This contact is the most recognizable 
surface within the study interval. The upper contact is conformable with the 
Cameo-Wheeler Coal Zone.    
For this thesis, the Rollins Member is discussed in context with the 
underlying tongue of Mancos Shale (Figure 37). An isopach map was 
generated of the Rollins Member from the top of the Cozzette Member to the 
top of the Rollins Member (Figure 96). The resulting map shows a thickness 
range between 0 and 750 feet (0 and 229 meters), with the thickest interval to 
the southeastern part of the study area.
The Rollins Member is a regressive marine parasequence set.  On top 
of the Cozzette Member, a tongue of Mancos shale coarsens upwards and is 
capped by prominent shoreface sandstone. Four different well-log facies were 
identified: upper shoreface (Facies F), lower shoreface (Facies G), marine 
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shale (Facies H), and sharp-based upper shoreface (Facies I) (Figure 17,
104). The areal extents of each facies are shown on Figure 105.   
 The top of the Rollins Member is a lithostratigraphic pick and 
comprises only marine units. Any associated continental strata are included 
within the Cameo-Wheeler Coal Zone. As such, the westward extent of the 
Rollins Member is marked by the transition from marine to continental strata 
as seen in Figure 98 between wells 1 and 2. The exact relationship between 
the Rollins Member of the Iles Formation and the Cameo-Wheeler Coal Zone 
is being detailed in a separate MS thesis within the research consortium 
(Nicolette, in prep). The updip pinchout of the uppermost Mancos Shale has 
been mapped across the Piceance Basin study area (Figure 105). 
Specifically, the pinchout of Mancos Shale can be seen between wells 4 and 
5 of Figure 98 (1), between wells 3 and 4 of Figure 99 (1), between wells 4 
and 5 of Figure 100 (1), between wells 3 and 4 of Figure 101 (1), between 
wells 3 and 4 of Figure 102 (1), and between wells 1and 2 of Figure 103 (1).  
The mapped updip transgressive shale limit for the Rollins member 
shows a different distribution in comparison to older marine units. While the 
underlying shorelines all trend east-northeast to west-southwest, the Rollins 
Member trends north-northeast to south-southwest. Cumella and Ostby 
(2003) suggest that the change in shoreline trends is evidence for early 
Laramide tectonism causing a shift in basin subsidence (Figure 106).  
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Figure 105: Map showing the approximate location of the up dip extents of the underlying tongue of 
Mancos Shale (blue) in the Rollins Member as well as extent of the Rollins Member itself (green). Three 
depositional environments were identified with the upper Rollins Member interval: offshore (Facies H), 
lower shoreface (Facies G), and upper shoreface (Facies F). Refer to Figure 97 for locations of the 
cross sections, Figure 94 for the well control for this interval, and Figure 17 for facies descriptions. 
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Figure 106: (A) Seismic line illustrating the stratigraphic rise of the 
Rollins, and the relationship of the rise to faulting. The blue box on the 
upper image locates the portion of (B) the data that is zoomed in the 
lower figure. The Corcoran reflector is flattened in the lower image, 
highlighting the stratigraphic rise of the Rollins across the fault (identified 
on the lower image at the red arrow filled with yellow). (C) Approximate 
location of the seismic line. (From Cumella and Ostby, 2003)  
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Further evidence for this is the dramatic change in stratigraphic 
architecture of the Rollins Member compared to the older regressive cycles. 
Although the underlying marine units exhibited  dominant progradation with 
relatively little aggradation, the Rollins Member has a very strong forward 
stepping architecture with more than 750 feet (229 meters) of undecompacted 
stratigraphic aggradation across the basin. These dramatic aggradational 
“step-ups” can best be seen on Figure 99 between wells 5 and 9 (2). Cumella 
and Ostby (2003) suggest that the increased stratigraphic aggradation can be 
accounted for by an increase in accommodation space. This is caused by an 
increase in subsidence on the eastern side of a fault that was identified in the 
eastern Piceance Basin on seismic (Cumella and Ostby, 2003) (Figure 106).   
Key Points
1) The Rollins Member is the uppermost regressive member of the Iles 
Formation. The Rollins Member comprises shallow marine strata that 
grade into the coastal plain strata of the overlying Williams Fork 
Formation (Figure 107). 
2) The Rollins Member undergoes pronounced stratigraphic aggradation 
as the unit progrades downdip. The discrete aggradation steps in the 
shoreline have been suggested to be due to pre-Laramide tectonism 
(Cumella and Ostby, 2003). 
174
8800 9000 9200
10000 10200 10400
8600 8800
8800 9000 9200
7800 8000
7800 8000
8200 8400
8400 8600 8800
5400 5600
5000 5200 5400
H
ST
Fi
gu
re
 1
07
: (
a)
 In
te
rp
re
te
d 
w
ire
lin
e 
cr
os
s 
se
ct
io
n 
fla
tte
ne
d 
on
 th
e 
to
p 
of
 th
e 
C
oz
ze
tte
 M
em
be
r s
ho
w
in
g 
th
e 
se
qu
en
ce
 s
tra
tig
ra
ph
ic
 
in
te
rp
re
ta
tio
n 
of
 th
e 
R
ol
lin
s 
M
em
be
r o
f t
he
 Il
es
 F
or
m
at
io
n.
 T
hi
s 
in
te
rv
al
 c
om
pr
is
es
 a
 re
gr
es
si
ve
 c
la
st
ic
 w
ed
ge
 u
nd
er
la
in
 b
y 
a 
to
ng
ue
 o
f M
an
co
s
S
ha
le
. (
b)
 L
oc
at
io
n 
of
 th
e 
cr
os
s 
se
ct
io
n 
in
 P
ic
ea
nc
e 
B
as
in
 s
tu
dy
 a
re
a 
an
d 
w
el
l l
is
t. 
  
7.
8m
i  
   
   
   
   
   
   
   
   
   
   
   
   
  6
.5
m
i  
   
   
   
   
   
   
   
   
   
   
5.
5m
i  
   
   
   
   
   
   
   
   
   
   
  6
.7
m
i  
   
   
   
   
   
   
   
   
   
 4
.7
m
i  
   
   
   
   
   
   
  5
.1
m
i  
   
   
   
   
   
   
   
   
   
   
   
   
   
 9
.6
m
i  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 7
.6
m
i  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
13
.4
m
i  
   
   
  
1 
    
    
    
    
    
    
  2
    
    
    
    
    
  3
    
    
    
    
 4
    
    
    
    
    
   5
    
    
    
   6
    
    
    
    
 7
    
    
    
    
    
    
    
    
8 
    
    
    
    
    
    
 9
    
    
    
    
    
    
    
    
    
    
    
  1
0 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
   
Mesaverde Group
Upper Creataceous
Iles Formation 
Rollins Mbr.  Cozz. Mbr.
Williams Fork Fm. 
Cameo Coal Zone 
N
or
th
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
So
ut
h
(b
)
(a
)
FS
Co
ar
se
ni
ng
U
pw
ar
ds
Ve
rt
ic
al
 E
xa
gg
er
at
io
n 
17
6:
1
30
 m
ile
s/
 4
8 
km
s
Ke
y We
ll 
Lo
ca
tio
n
N
05
10
30
83
57
00
00
05
10
31
07
53
00
00
05
10
31
05
96
00
00
05
10
30
84
42
00
00
05
10
31
02
55
00
00
05
04
50
94
20
00
00
05
04
51
07
07
00
00
05
04
50
64
79
00
00
05
04
51
31
22
00
00
05
07
70
82
43
00
00
Ba
rc
us
 C
re
ek
 F
ed
er
al
Fe
de
ra
l R
G
U
Fe
de
ra
l R
G
G
ov
er
nm
en
t
80
12
D
 L
14
 (8
01
1)
H
un
te
r C
re
ek
 S
ou
th
Ch
ev
ro
n 
TR
Ca
th
ed
ra
l C
re
ek
Co
tn
er
Sp
ar
ks
22
-1
2
23
-1
7-
19
8
31
-2
0-
29
8
39
8-
17
-4
80
12
D
 L
14
 4
98
84
01
24
-2
8-
59
7
2 35
-1
4D
36
-4
A
PI
W
el
l N
am
e
W
el
l N
um
be
r
N
ot
es
In
te
rs
ec
ts
 F
ig
. 1
00
In
te
rs
ec
ts
 F
ig
. 1
01
In
te
rs
ec
ts
 F
ig
. 1
02
In
te
rs
ec
ts
 F
ig
. 1
03
Ke
y
   
   
   
   
 # 1 2 3 4 5 6 7 8 9 1
0
1 
  D
PH
I  
0.
3
10900
0 
   
 G
R 
  2
00
   
  0
   
IL
D
 2
00
1
W
el
l #
W
el
l T
yp
e
Sh
ut
-In
 O
il 
an
d 
G
as
 W
el
l
O
il 
an
d 
G
as
 W
el
l
G
as
 W
el
l
Pl
ug
ge
d 
an
d 
A
ba
nd
on
ed
A
ba
nd
on
ed
 G
as
 W
el
l
P&
A
 G
as
 W
el
l
SB
Se
qu
en
ce
 B
ou
nd
ar
y
Su
rf
ac
e
A
pp
ro
xi
m
at
e 
Su
rf
ac
e
FS
Fl
oo
di
ng
 S
ur
fa
ce
175
3) The Rollins Member exhibits a pronounced shift in shoreline orientation 
compared to older underlying units of the Late Cretaceous. While older 
units trended from east-northeast to west-southwest; in contrast, the 
Rollins Member trends north-northeast to south-southwest. 
 
176
DISCUSSION
Significance of Work
The well-log data base, which was compiled for the Piceance Basin 
research consortium, has allowed for detailed correlation of the Castlegate 
condensed section through Iles Formation interval across most of the 
Piceance Basin. This has been a unique opportunity as previous studies have 
been limited to (Figure 108): 
(1) Outcrop exposure: Similar to other Rocky Mountain basins, geologists 
studying the Piceance Basin have been able to benefit from the 
excellent outcrops rimming the basin. As such, many previous studies 
were outcrop based and relied on little subsurface data. These studies 
were, therefore, limited to areas with outcrop exposure of the interval 
of study. The outcrop studies give important, but limited, two- 
dimensional view of the complex three-dimensional stratigraphy.  By 
utilizing well-logs, it was possible to have data points throughout most 
of the Piceance Basin to aid in correlations and interpretation. 
(2) Regional area: Much of the published (and unpublished) studies have 
been done by geologists who work for companies with production 
acreage within the Piceance Basin. This has led to studies with a focus 
on the areas that are held by individual companies. By having 
companies provide the well-logs within their individual data bases, this 
study was able to better interpret the depositional history for a portion 
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of the Campanian strata of the Piceance Basin as a whole instead of 
being limited to localized areas of interest or data availability. 
(3) Down-dip profiles: Most (if not all) previous studies have only shown 
regional wireline log profiles parallel or oblique to depositional dip. This 
study provides profiles of the Castlegate Sandstone through Iles 
Formation interval in both depositional dip view and strike view in order 
to take advantage of the data base and better illustrate the 
stratigraphic relationships within the basin in three-dimensions. 
In addition, two major challenges of working on the strata are (1) the lack 
of continuity in the correlations in the continental strata, (2) and nomenclature 
between the updip and downdip (northern and southern) regions of the 
Piceance Basin. This is mainly due to two reasons. First, as discussed above, 
there is an overall change in depositional setting between the northern and 
southern parts of the Piceance Basin. The south is dominated by marine 
facies and the north is dominated by more continental facies. Second, the 
nomenclature in the Piceance Basin has changed considerably since 
exploration began during the late 1800’s to the point that there are multiple 
names for many of the units described herein and at times the units have 
been misidentified (Figure 12). This inconsistency has led to confusion in 
correlations. This study attempts to equate the different names for the 
individual units to each other and only uses the recognized terminology from 
the most recent USGS publications. 
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Well-log Markers
This study identified several good log markers that were correlatable 
either regionally or basin-wide within the study interval. Distinct flooding 
surfaces mark the tops of the units within the marine dominated, southern half 
of the basin. However, correlation through the updip continental facies 
becomes more challenging and becomes extremely difficult in areas where 
there is little (if any) distinction between the facies of two stacked units. An 
example of this difficulty in correlation and interpretation is the interface 
between the coastal plain facies of the Corcoran and Cozzette members of 
the Iles Formation. To make accurate correlations, it was necessary to 
identify and establish secondary log markers. In this case, it was helpful to 
use the extensive coal zones to help guide the correlation (Figures 60, 61, 
77). 
 
Well-log Facies
 Ten different well-log facies were identified within the subsurface. The 
thickness range and lateral extents of each facies varies greatly. A summary 
of the dimensions for each of the ten different facies is shown in Figure 109. 
The well log facies were equated to lithofacies descriptions and 
interpretations made from outcrop observations published in previous studies 
(Figure 109).     
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FACIES          TYPE LOG          INTERPRETATION      
A
B
C
D
E
F
G
H
I
J
Tidal channel fill
Distributary 
channel,
incised valley fill
Channel fill
Flood plain
Wetlands
Upper shoreface/
delta front
Lower shoreface
Offshore marine 
deposited
out of suspension
Condensed section
containing relatively
high TOC as well as 
thin bentonite
layers
Upper shoreface/
delta front
deposited in a forced
regression
THICKNESS
RANGE
LATERAL EXTENTS
DIP         STRIKE
KIRSCHBAUM AND 
HETTINGER (2004)
FACIES ASSEMBLAGE 
EQUIVALENT
< 275 ft
< 175 ft
< 50 ft
< 125 ft
< 75 ft
< 125 ft
< 75 ft
< 5000 ft
< 30 ft
< 50 ft
< 35 miles
 < 10 miles
< 8 miles
< 12 miles
< 25 miles
< 50 miles
< 50 miles
< 150 miles
< 5 miles
< 100 miles
< 10 miles
< 5 miles
< 500 ft
< 10 miles
< 75 miles
< 75 miles
< 75 miles
< 75 miles
< 7 miles
< 50 miles
(4) Tide- dominated sand flat/ tidal
delta , and flood ebb channel
(8) Fluvial channel
(1) Organic rich
(1) Organic rich
(6) Upper shoreface
(7) Lower shoreface/ offshore
(7) Lower shoreface/ offshore
(5) Open Estuarine
(6) Upper shoreface
Not applicable
(8) Fluvial channel
(2) Fluvial, tidally influenced, and
tidal channel and bayhead delta
Figure 109: Summary table of the dimensions of the ten different well log facies identified in this thesis.
The far right column are the facies equivalents identified by Kirschbaum and Hettinger (2004). Type log
display is a gamma ray curve (left) and an induction curve (right).
250’
150’
35’
75’
25’
125’
100’
400’
25’
75’
Coal
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Sequence Stratigraphy
Shoreline Orientation
 Eight regressive clastic wedges and two transgressive sandstone units 
were correlated and mapped in the Piceance Basin study area. The eight 
regressive units in order are: the Morapos Sandstone, Castlegate Sandstone, 
Loyd Sandstone, Lower Sego Sandstone, Upper Sego Sandstone, Corcoran 
Member, Cozzette Member, and Rollins Member. Each of the regressive 
wedges is separated by a transgressive tongue of Mancos Shale (Figure 5). 
General shoreline trends have been published in various studies by 
geologists for many years. However, this study differs from previous studies 
due to the abundant wells available for the identification of log facies that 
allows for the identification of the updip limit of marine transgressions and the 
downdip limit of shoreline regressions. Previous studies relied mostly on 
outcrop data, which offered few data points to constrain the limits. By using 
the abundant well-logs distributed throughout the basin, a more precise 
interpretation of the shoreline trends was possible.  
The maximum regressive limit of each successive shoreline terminates 
farther basinward to the southeast as the underlying older unit (Figure 110). 
In addition, the updip limit of each transgressive shale unit was also mapped 
in the study area; similar to the trend in the maximum regression, each 
progressively younger unit terminates farther down-dip (Figure 111). Overall, 
this pattern of marine transgressions and regressions illustrates the 
182
30 miles/ 48 km
Key Downdip Extent of
Shoreface Sandstone
N
9S Township Coordinates
7N
6N
5N
4N
3N
2N
1N
1S
2S
3S
4S
5S
6S
7S
8S
9S
10S
11S
12S
13S
14S
15S
103W  102W  101W  100W   99W     98W    97W     96W    95W     94W    93W    92W    91W     90W     89W     88W    87W    86W
Castlegate Sandstone (2)
Morapos Sandstone (1)
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Formation is not mapped on this figure as the regressive limit is outside the study area.  The 
embayments in the (1) Morapos Sandstone, (2) Castlegate Sandstone, and (3) Loyd Sandstone are 
most likely due to increased deposition at the the delta front. Numbers beside the unit names denote 
order of deposition. 
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progressive infilling of the Cretaceous Seaway during the late Campanian in 
the Piceance Basin. 
Shoreline trends for the seven oldest regressive units are approximately 
northeast – southwest with shoreline/delta progradation to the southeast. 
However, the shoreline trend of the youngest mapped unit, the Rollins 
Member of the Iles Formation, is nearly north - south. This change in 
shoreline trend is likely due to either (a) pre-Laramide tectonism as evidenced 
by fault movement during Rollins deposition (Cumella and Ostby, 2003), or 
(b) to a major paleogeographic reorganization of the depositional systems 
where deltas avulsed to the north or south causing a change in the orientation 
of the shoreline. 
Johnson (1989) made similar shoreline observations for shoreline 
trends based on the Mesaverde outcrop exposure rimming the basin and 
there is very little lateral variability in the location of the maximum 
transgressions and regressions of the shoreline between Johnson (1989) and 
the observations made in this thesis  (Figures 112, 113). However, this study 
was able to map details in the shoreline orientations of the three oldest 
regressive units (Morapos Sandstone, Castlegate Sandstone, and Loyd 
Sandstone) that were not previously observed through outcrop studies due to 
lack of exposure. 
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Isopach Maps
 Isopach maps were made for all formal and informal units discussed 
within. The maps show a changing depocenter within the Piceance Basin. 
This variation is probably due to tectonic activity along the Sevier Orogenic 
Belt to the west leading to variations in accommodation and sediment supply. 
However, as stated above, in the case of the Rollins Member of the Iles 
Formation this can also be linked to localized tectonism. 
 
Frequency of Sequences 
Eight sequence boundaries were identified on well-logs throughout the 
study interval (Figure 114). Sequence boundaries were identified through 
facies dislocation and the presence of channel-fill.  When possible, marine-
flooding surfaces were traced updip to identify any corresponding erosive 
surfaces.  
Based on ammonite zones and absolute age dates, the study interval from 
the Castlegate Betonite to the top of the Iles Formation encompasses the 
interval between 80.04 ± 0.4 and 75.08 ± 0.11 Ma. Although, the time of 
deposition of the study interval is constrained, there is a gap of 3.2 million 
years between two of the absolute age dates (Figure 6).  
The Castlegate condensed section has been interpreted to be a major 
condensed section. Based on the presence of Baculites obtusus (absolute 
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age date of 80.04 ± 0.4 Ma), the Castlegate condensed section and the 
Ardmore Bentonite are coeval to each other (Figure 33). Due to the extensive 
nature of the Castlegate condensed section and Ardmore Bentonite, this 
condensed section is possibly the equivalent of the major condensed section 
identified by Haq et al. (1987) on the global sea level chart at 79.5 Ma (Figure 
34 (2)).
 The sequence boundary at the top of the Castlegate Sandstone has been 
previously interpreted to be a third-order sequence boundary based on its 
areal extent throughout eastern Utah and western Colorado (Van Wagoner, 
1995). A good candidate for an upper third-order sequence boundary was not 
identified. A third-order sequence boundary has been interpreted, however, 
within the middle Williams Fork Formation (Figure 4) and probably coincides 
with regional interpretations of a third order sequence boundary at 71 Ma 
(Krystinik and DeJarnett, 1995; Foster, 2010). Successive sequence 
boundaries identified and correlated within the interval of study have been 
identified and are found to occur on the interval of 0.05 - 1 million years. 
These sequences are occurring within the realm of fourth-order and fifth-order 
sequences (0.1 – 0.2 and 0.01- 0.1 million year durations respectively) 
(Figure 115) (Mitchum and Van Wagoner, 1991).  
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Figure 115: Chart showing the ammonite zones of the Castlegate CS through
Iles Formation interval and the approximate locations of the eight sequence 
boundaries as well as the major flooding surfaces that have been identified within the 
study interval. Black dots represent established radiogenic age dates from 
Cobban et al. (2006). Undetermined, intermediate biostratigraphic ages were 
assumed to occur at equal lengths of time between the established age dates.
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Reservoir Implications
 Despite the thick sandstone intervals within the Castlegate condensed 
section through Iles Formation interval, the interval remains relatively 
undeveloped. As discussed above, this is primarily due to the exposure of 
sandstones along the edge of the basin that has caused gas to leak to the 
surface and the sandstones to be charged with surface water since the 
Eocene (Johnson and Nuccio, 1986; Johnson, 1989; Johnson and Roberts, 
2003). However, three observations were made that may have reservoir 
implications for increased production within the study interval: 
(1) many potential stratigraphic traps were identified within the study 
interval. The added component of a stratigraphic trap to the petroleum 
system may help to trap more of the potential gas in place and prevent 
it from leaking to the surface. One stratigraphic trap identified within 
the study interval was the landward pinch-out of the marine sandstone 
within the Rollins Member of the Iles Formation. This relationship can 
be seen on Figures 98-103 and was mapped in Figure 105.  
(2) the areal distribution of wells producing from the study interval 
(Figures 21, 41, 63, 79, 95)  shows a trend where most of the 
producing wells occur along the north- south axis of the Piceance 
Basin. The added depth and distance (Figure 2) from the exposed 
flanks of the basin could help to restrict gas from escaping to the 
surface. 
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(3) three major coal zones were identified within the study interval: the 
Anchor coal zone (Figure 74), the Palisade coal zone (Figure 75), and 
the Chesterfield coal zone (Figure 91). Yurewicz (2003) identified the 
coals of the Iles Formation to be a significant source facies within the 
Piceance Basin. Sandstones adjacent to the coal zones could have a 
higher rate of charge from the added source. 
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CONCLUSIONS
1. Fourteen formal and informal stratigraphic units were correlated and 
mapped across the Piceance Basin study area. The intervals include: 
the Castlegate condensed section, Morapos Sandstone, Castlegate 
Sandstone, Loyd Sandstone, Buck Tongue of Mancos Shale, lower 
Sego Sandstone, upper Sego Sandstone, Corcoran Member of the Iles 
Formation, Anchor coal zone, Palisade coal zone, lower Cozzette 
Member of the Iles Formation, Chesterfield coal zone, upper Cozzette 
Member of the Iles Formation, and the Rollins Member of the Iles 
Formation.  Isopach maps were constructed of each of the intervals. 
The units vary in thickness, areal extent, and time of deposition.  
2. Key log markers were identified to aid in correlation. Well-defined 
marine-flooding surfaces were used for most correlations in the down-
dip marine depositional environment. Coal zones were utilized in the 
coastal plain facies to refine correlations. A unique log marker, the 
Castlegate condensed section, was identified under the Morapos 
Sandstone. This unique zone exhibits a higher gamma-ray response 
and has been interpreted to be a condensed section with interbedded 
bentonite layers.  
3. Ten main log facies were identified within the study interval. These 
facies were interpreted to correlative to five depositional environments: 
offshore marine, lower shoreface, upper shoreface/delta front, 
estuarine, and coastal plain. 
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4. The areal extents of the regressive clastic wedges and underlying 
transgressive Mancos Shale tongues were mapped when present 
throughout the Piceance Basin study area. Each regressive limit 
proceeds farther to the east compared to the previous. 
5. Eight sequence boundaries and four parasequence set boundaries 
were identified and mapped through the section. The lowest sequence 
boundary, the Castlegate Sequence Boundary, has been identified in 
previous studies to represent a third order sequence boundary. The 
seven successive sequence boundaries have been identified to be 
fourth-order and fifth-order sequence boundaries. Approximate age 
dates were established through ammonite fossil zones. 
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